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LETTER  OF  TRANSMITTAL. 


War  Department, 
WasMiig^iOn,  December  12^  1917, 

Sir:  I  have  the  honor  to  transmit  herewith  the  report  of  the  com-, 
manding  officer  of  Watertown  Arsenal  of  'Hests  of  iron  and  steel 
and  other  materials  for  industrial  purposes"  made  at  that  arsenal 
during  the  fiscal  year  ended  June  30,  1917,  submitted  by  the  Chief 
of  Ordnance,  United  States  Army,  for  transmission  to  Congress  as 
required  by  law. 

Very  respectfully, 

Newton  D.  Baker, 

Secretary  of  War. 
The  Speaker  of  the  House  of  Representatives. 


LETTER  OF  SUBMITTAL, 


Watertown  Arsenal, 
Watertawny  Mass.,  August  22^  1917. 

From:  Commanding  Officer,  Watertown  Arsenal. 
To:  Chief  of  Ordnance,  United  Sta^tes  Army,  Washington,  D.  C. 
Subject:   Annual  report  of  Tests  of  Metals,  etc.,  for  the  year  ending 
June  30,  1917. 

1.  The  annual  report  of  tests  of  iron,  steel,  and  other  materials 
made  at  this  arsenal  during  the  fiscal  year  ending  June  30,  1917,  is 
submitted  herewith. 

2.  The  total  number  of  specimens  tested  during  the  year  was  6,404, 
classified  as  follows: 

For  Ordnance  Department 5, 423 

Other  Government  departments* 8 

Tests  for  private  parties 973 

6,404 

This  shows  an  inxjrease  of  10.1  per  cent  over  the  figures  of  last  year. 
(Total  number  of  tests  made  during  1916  was  5,814.) 

3.  The  receipts  and  expenditures  were  as  follows: 

Amount  allotted  for  testing  machine  and  testing  work $18, 900. 00 

Received  from  private  tests 476. 59 


• 


Total  received. 19,  376.  59 

Amount  expended  for  services,  labor,  etc 11, 978. 94 

Amount  expended  for  light,  power,  tools,  implements,  and  material  for 

test 7, 397.  65 

To/al  expended 19, 376.  59 

4.  The  work  of  the  laboratory  has  been  divided  as  in  former  years 
among  the  following  classes: 

(a)  Routine  testing  of  manufactured  and  purchased  material  and 
tests  in  connection  with  current  operations  of  the  arsenal. 

(6)  Investigative  tests:  (1)  Material  submitted  to  the  depart- 
ment claimed  to  be  of  novel  or  superior  value  for  its  use.  (2)  Mate- 
rial which  has  developed  defects  in  manufacture  or  service. 

(c)  Research:  Instituted  for  the  purpose  of  improving  ordnance 
materials,  or  the  technique  of  their  manufacture. 

{d)  Assistance  in  the  manufacturing  difficulties  of  the  arsenal. 

{e)  Private  tests. 

All  tests  of  the  above  classes  are  herein  reported  in  such  detail  as 
the  nature  of  the  tests  and  importance  of  information  appear  to 
justify.  No  report  is  given  of  the  assistance  in  the  manufacturing 
activities  of  this  arsenal.  Such  work  occupies  a  considerable  portion 
of  the  time  of  the  personnel,  but  report  is  made  only  in  such  cases 
as  require  the  institution  of  a  research  to  answer  the  difficulties. 
If  any  such  work  has  been  instituted  to  cover  any  question  which 
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6  LETTER  OF   SUBMITTAL. 

may  have  arisen,  it  will  be  fouhd  reported  under  the  heading  '^Ke- 
search  instituted  for  the  improvement  of  ordnance  materials,  or  the 
technique  of  their  manufacture/^ 

5.  A  study  of  the  significance  of  the  Charpy  shock  test  is  being  con- 
tinued. No  separate  report  has  been  made  on  this  subject,  but 
practically  all  the  experimental  reports  contain  data  which  has  been 
derived  from  results  obtained  on  this  machine. 

6.  Work  is  still  being  continued  on  the  subject  of  gun-wrapping 
wire.     A  variety  of  wires  are  being  studied. 

7.  A  very  complete  apparatus  has  been  installed  for  the  deter- 
mination of  occluded  gases  in  metals.  It  is  felt  that  this  apparatus 
is  the  most  complete  of  the  kind  which  has  yet  been  constructed. 

8.  Particular  attention  is  also  being  given  to  the  subject  of  tensile 
tests  taken  in  the  tranverse  direction  and  the  comparison  of  the 
results  of  such  test  with  those  obtained  from  specimens  taken  from 
forgings  in  the  longitudinal  direction.  It  would  seem  from  the 
results  of  tests  already  obtained  that  this  field  of  investigation  has 
been  sadly  neglected. 

9.  The  following  equipment  has  been  added  to  the  laboratory 
during  the  current  year: 

(a)  Apparatus  for  determining  occluded  gases  in  forged  steels. 

(b)  One  oscillograph. 

(c)  One  apparatus  for  determining  low  resistances. 

(d)  One  gas  furnace. 

(e)  One  cathetometer. 

(f)  One  flexible  disc  metal  cutter  for  cutting  hardened  steel. 

(g)  One  single-point  potentiometer. 
(31)  One  portable  potentiometer. 

(i)  Three  ammeters. 

ij)  Two  multiple  unit  electric  combustion  furnaces. 

(k)  One  stationary  polishing  machine. 

(I)  One  portable  polishing  machine. 

(m)  One  grinder  with  motor  attached. 

10.  With  the  additional  equipment  referred  to  above,  the  labora- 
tory will  be  able  to  undertake  several  investigations  which  will  be 
of  value  in  the  production  of  ordnance  material. 

•    Respectfully, 

T.  C.  Dickson, 
Lieutenant  Colonel,  OrdTiance  Departmentj 

United  States  Army,  Commanding. 
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ROUTINE  TESTING  OF  MANUFACTURED  AND  PUR- 
CHASED MATERIAL  AND  TESTS  IN  CONNECTION 
WITH  CURRENT  OPERATIONS  OF  THE  ARSENAL. 
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CHAIN. 
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PEOOF  STRESSES  APPLIED  TO  11  THEEE-FOUETHS-INCH 
SLING  CHAINS  FOE  WATEETOWN  AESENAL,  WATEETOWN, 
MASS. 


Chains  consisted  of  about  20  feet  of  three- fourths-inch  chain  with  a 
hook  at  one  end  and  a  link  at  the  other.  Elongations  were  measured 
on  a  gauge  length  of  100  inches.  The  chains  were  tested  in  two  sec- 
tions. 


1 
Required. 

1 

0. 77" 
5.07" 
2. 52" 

2' 

0.77" 
5.0V' 
2. 56" 

ling  chain. 

3 

0. 77" 
5. 0'^" 
2. 50" 

3. 

4 

5 

1 
1 

'Diameter  of  wire 

1 
5  inch ' 

1 

0. 77" 
5.05" 
2.52" 

0. 77" 
5.05" 
2.50" 

Length  of  link  over  all. . . 
Width  of  link 

...............v.... 

Maximum  load  in  ser  vice . 

Proof  load,  pounds 

Elongation  in  2  inches . . . 

10,400  pounds 

16.500 

16,. WO 

5.13" 

2.56 

16,500         16  nOO 

(')       ; 

16,500 

6.58" 
;        3.29 

6.18" 
3.09 

5.89" 
1.44 

Elongation,  per  cent 

Not  to  exceed  10 
per  cent. 

lued. 

I 
1 

Required.         ;- 
finch 

Sling  cl- 

lains— Contii 

6 

0.77" 
5.07" 
2.56" 

7              8       '       9 

0.77'      0.77"      0.75" 
5.05"  ,    5.06"      5.00" 
2.63"      2.57"      2.60" 

10 

0.7," 
5.00" 
2. 45" 

11 

Diameter  of  wire 

0.7->" 
.5.00" 
2.55" 

Length  of  link  over  all 

Width  oflink 

Maximum  load  in  ^rvice. 

Proof  load,  pounis 

Elongation  in  2  inches 

Elongation,  per  cent 

10^00  pounds 

16,500 1 

i > 

1  Npt  to  exceed  10 
per  cent. 

1 

16,500 

5. 89" 

1.44 

16,500     16,500     16,566 

3.56"      5.95"      5.20" 

1.78  ,      2.97  ;      2.60 

1 

,  16,  .566 

:    6  OV 

3.02 

i6,'566* ' 
6.25" 
3.12 

^  At  14,700  pounds  the  ninth  link  of  the  chain  fractured  at  the  welded  end. 
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PEOOF  AND  TENSILE  TESTS  OF  FOUE  PIECES  OF  ONE-HALF- 
INCH  CHAIN  FOE  WATEETOWN  AESENAL,  WATEETOWN, 
MASS. 

Proof  tests. 


Required. 


0. 53" 
2. 47" 
1.85" 


Diameter  of  wire,  inches h  inch 

Length  of  link  over  all: 

Width  of  link 

Maximum  load  in  service 4,600  pounds ' 

Proof  load,  pounds 7,300 7,300 

Elongation  measured  on  a  gauge   >       100" 

length  of. 

Elongation,  per  cent Not  to  exceed  10 

per  cent. 


4.12 


Results. 


0.53" 
2.50" 
1. 85" 


0.53" 
2. 45" 
1.85" 


7,300 
100" 

3.99 


7,300 
100" 

4.15 


7,300 
150" 

1.32 


Number 

of  links 

taken 

for  test. 


11 

11 

9 

6 


Tensile  strength 
(pounds  per  square 
inch). 


Required.  ;    Results. 


14,600 
14,600 
14,600 
14,600 


16,200 
17,000 
16,300 
17,400 


Tensile  tests. 


Manner  of  failure. 


Fractured  second  link  at  the  quarter. 
Fractured  end  link  at  the  quarter. 
Fractured  second  link  at  the  quarter. 
Fractured  the  end  link. 


WIRE  ROPE. 


31082—18 2  17 


WIBE  BOPE. 


[Rope  prepared  ior  testing  with  closed  sockets  at  the  ends.] 


Marks. 


Hoisting  rope 

Steel  wire  rope 

Plow  steel  crane  rope . . 

Do 

Steel  wire  rope 

Plow  steel  crane  rope . . 
Steel  wire  hoisting  rope 

Steel  wire  rope 

Plow  steel  crane  rope . , 

Steel  hoisting  rope 

Plow  steel  crane  rope . . 

Do 

Do 

Plow  steel  wire  rope . . . 
Plow  steel  crane  rope . . 


Nominal 

size, 
diameter. 


Inch. 


I 

A 

f 

1 

H 

1 

H 


Marks. 


Core. 


Hoisting  rope !  Hemp. 

Steel  wire  rope. i . .  .do. . . 


Plow  steel  crane  rope *. .do. 

Do ...do. 

Steel  wire  rope I . .  .do. 

Plow  steel  crane  rope i . .  .do. 

Steel  wire  hoisting  rope ; . .  .do. 

Steel  wire  rope .do. 

Plow  steel  crane  rope , do. 

Steel  hoisting  rope do. 


Plow  steel  crane  ropo 

Do 

Do 

Plow  steel  wire  rope . , 
Plow  steel  crane  rope , 


.do. 
-do. 
.do. 
.do. 
.do. 


Lcn<nh 
between 
sockets. 


Ft.  Ivch 
9    11 

9  6 

9  7 

9  7 

9  7 

9  8 

9  8 

9  7 

9  6 


9 
9 
9 
9 
9 
9 


o 
5 

3i 
5 
5 
5 


BrrakinT 
strength. 


Povnds. 
4.700 

lO.SOO 

10.000 
11  000 
20.000 

23.700 
25  100 

24.200 
27.500 
26,400 

53.500 

60  100 

61,200 

73,300 

75  300 


Actual 

si  e, 

diameter. 


Inch. 
0.27 
.37 
.38 
.40 
.53 
..56. 
.58 
.59 
.63 
.65 
.88 
.88 
.89 
1.02 
1.03 


Number 

of  wires 

per  strand. 


19 
19 
36 
36 
19 
19 
19 
19 
19 
19 
37 
37 
37 
37 
37 


Number 

of 
strands. 


6 
6 
6 
6 
6 
8 
S 
6 
8 
6 
6 
6 
6 
6 
6 


Parted. 


4  strands,  28  inches  from  end  of 

socket. 
4  strands,  25  inches  from  end  of 

socket. 

3  strands,  at  middle  of  length.  . 

4  strands,  at  end  of  soc  -  et. 

3  strands,  23  inches  from  end  of 
socket. 

5  strands,  1  inch  from  end  of  socket. 

4  strands,  41  mchcs  from  end  of 
socket. 

6  strand*!,  at  middle  of  length. 

5  strands,  4  feet  from  end  of  socket . 
3  strands,  18  inches  from  end  of 

socket. 
3  strands,  14*  inches  from  end  of 
socket. 

3  strands,  19  inches  from  end  of 
socket. 

4  strands,  32  inches  from  end  of 
socket. 

3  strands,  47  inches  from  end  of 

socket. 
3  strands,  21  inches  from  end  of 

socket. 
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MANIU  ROPE. 
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MANILA  BOPE   O-STBAND). 


[Samples  prepared  for  testing  with  eye  splices  at  the  ends  and  then  wetting  the  rcpe.] 


Nominal  size. 


j  Diame-i 

>l      ter 
;' (inches). 


».20 
.      f 


;  Length 

Circum- 1  sample 
(erence     (feet), 
(inches). 


3.50 
3.50 


2.00  I. 

2.00 

2.50 

2.50 

3.00 
3.00 

4.00 

«4.00 
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6 

6 

6 

6 

6 

6 

G 

6 

6 
6 

6 

6 

5  i 
5 


Actual  size. 

Circum- 
ference 

(indies). 

Diame- 
ter 

(inches). 

.19 
.36 

1.15 

1.15 

.37 

1.60 

.51 

2.10 

.68 

2.15 

.68 

2.55 

.83 

^.70 

.86 

3.15 
3.25 

1.02 
1.05 

4.75 

1.55 

4.25 

1.40 

11.04 
12.40 

3.75 
4.13 

Sec- 
tional 

area 
(square 


(square 
incDfis). 


0.102 

.107 

.204 

.363 

.363 

.541 

.580 

.817 
.865 

1.886 

1.539 

11.04 
13.39 


Tensile  strength. 


;  Pounds  I 
-rLoad     I     per-  -i 
(pounds)  .1  sciuare 
I  inch,    i 


Parted. 


1,125 

1,200 

2,300 

3,300 

4,400 

4,600 

6,200 

9,400 
7,700 

14,300 

14,100 

68,300 
84,890 


276  ' 

11,029  I 

11,215 ; 

11,274  i 
9,090 

12,120 
8,502 

10,680 

11,505 
8,900 

7,580 

I 

!    9,160 

I    6,186 
I  T  6, 280 


16   inches  from  fix- 
ture. 
1   strand,  28  inches 

from  end  of  splice. 
1   strand,  15  inches 

from  end  of  splice. 
1   strand,  17  inches 

from  end  of  splice. 
1    strand,  21  inches 

from  end  of  splice. 
1   strand,  19  inches 

from  end  of  splice. 
1  strand,  at  middle  of 

length. 
1   strand,  11  inch'»s 

from  end  of  snhce. 
1  strand,  at  splice. 
1   strand,  28  inches 

from  end  of  splice. 
1   strand,  15  inches 

from  end  of  splice 
1   strand,  18  inches 

from  end  of  splice. 
1  strand,  at  sphce. 
1  strand,rat  sp.i«.  ■ 


1  Braided  linen  cord. 


4-strand  sample. 
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BXTBBEB. 


Description. 


Thick- 
ness 
(inch). 


Covering  rubber 0 

Do 

Bead  rubber 

•    Do , 

Covering  rubber 

Do 

Do 

Do 

Do 

Do... 

Do 

Do 

Do 


22 
25 
26 
32 
0 


55 

01 

58 


pensile  strength. 


Sectional 
Width   :     area 
(inches),  i  (square 


I 


1.02 

1.01 

1.00 

1.00 

1.00 

1.06 

.94 

1.03 

.96 

•  90 

1.02 

.99 

.98 


nch). 

Load 

, 

(pounds) 

0.224 

160 

.252 

131 

.260 

148 

.320 

172 

.400 

338 

.43 

630 

.38 

582 

.42 

554 

.39 

445 

.39 

454 

.561 

410 

,.664 

575 

'.d68 

728 

Stress 
(pounds 

per 
square 
inch). 


714 

.519 

569 

537 

845 

1,465 

1,531 

1,319 

1,141 

1,164 

73Q 

1,019 

1,281 


Floneation  in 
inches. 


Inches.     Percent. 


3.06 
1.83 
1.71 
2.15 
.80 
6.90 
.5.75 
4.80 
1.81 
3.41 
2.00 
1. 10 
1.4o 


1.5.3. 0 

91.5 

85.5 

107. 5 

40.0 

345.0 

287. 5 

240.0 

90.5 

170.0 

100.  p 

00. 0 

73.0 
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BUBBEB. 
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COMPBESSIVE  TESTS  Off  33  EUBBEE  TEUCK  TIEES  FOE 
WATEETOWV  AESEVAL,  WATEETOWV,  MASS. 


Compressive  loads  were  appalled  to  the  face  of  the  tu-e  on  a  block 

1  inch  square.    The  compression  was  measured  at  loads  of  500  and 

^;^00  pounds  per  square  inch.     The  maximum  tolerance  at  500 

pounds  compression  was  0.10  inch  and  at  1,000  pounds  compression 

0.20  inch. 


1. 

2. 
3. 
4. 


G.. 
7.. 
8.. 
9-. 
10. 

a. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27.. 

28.. 

2d.. 

30.. 

31.. 

32.. 

.33.. 


No. 


Applied 

(total 
pounds). 


Com- 
pression 
(inch). 


500 

0.10 

1,000 

.18 

500 

.15 

1,000 

.25 

500 

.11 

1,000 

.19 

500 

.13 

1,000 

.22 

500 

.11 

1,000 

.19 

500 

.08 

l.OCO 

.16 

500 

.10 

1,000 

.19 

500 

.10 

11,000 

.18 

500 

.10 

1,000 

.19 

500 

.10 

1,000 

.19 

500 

1      .06 

1,000 

.15 

500 

.10 

1,000 

,      .16 

500 

.10 

1,000 

'      .18 

500 

.09 

1,000 

1      .16 

500 

1      .09 

1,000 

1      .  15 

500 
1,000 

1}    .u 

500 

.OS 

1,000 

'      .15 

500 

.11 

1,000 

.19 

500 

.10 

1,000 

.17 

500 

.09 

1,000 

.18 

500 

.09 

1,000 

.16 

500 

.11 

1,000 

1      .18 

500 

1      .07 

1,000 

.16 

500 

.09 

1,000 

.1^ 

500 

.11 

1,000 

.24 

500 

.14 

1,000 

.'22 

500 

.15 

1,000 

.26 

500 

.14 

1,000 

.23 

600 

.16 

1,000 

.27 

500 

.10 

1,000 

.19 

500 

.09 

1,000 

.19 

500 

.12 

1.000 

.19 

500 

.12 

1,000  < 

1 

.20 

HOSE. 
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2(5 


HOSE. 


PNEUMATIC  HOSE. 

Gauged  length  of  2  inches  laid  off  on  each  sample;  stretched  to  6 
inches  for  10  minutes,  and  load  removed. 

Tube  test. 


Description. 


7-ply,  i  inch . 


Do. 
Do. 


Do 

Do 

Do 

7-ply,}iiich, 

Do 

Do 

Do 

Do 


Do. 
Do. 

Do. 


Width    !  Length  I  Jl^J'^S; 
(inches),  i  (inch'es).  ;  ^^^l 


1.00 


Remarks. 


6. 00    ' '  Sample  stretched  until  gauge  marks  were  5^ 

inches  apart. 
6                0. 18 
6  ,  Sample  parted  outside  gauge  marks  after 

stretchmg  to  5f  inches. 
6  ,21 

6  .37    I 

6  .22 

6      I      .24  : 

6  .45 

6  ;  .20 

6  Sample  parted  after  stretching  to  5^  inches. 

6  1  Parted  at  gauge  mark  after  being  stretched 

to  6  inches~for  4  minutes. 
6  .50 

6  ,  SiEtifiple  patted  between -gauge  marks  after 

)  stretching  to  4|  inches. 

6         Parted  between  ^auge  marks  after  stretching 

to  length  of  5^  inches. 
_J 

Friction  tests. 


Description. 


7-ply,  i  inch 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Unwound 
in  10     j 
minutes 
(inches). 


2  90 
8.40 
3.10 

.40 
1..47 
3.75 

.60 
4.75 
3.75 
4.75 
3.75 
4.60 

.75 

4.50 

1  j.  25 

8.00 

5.25 


Remarks. 


In  2  minutes. 


In  9  minutes. 


PROOF  STRESSES  ON  PISTON  RODS. 
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PROOF   STRESSES  ON  PISTON   RODS. 


PROOF  STRESSES. 

PROOF  STRESS  APPLIED  TO  11  PISTON  RODS  FOR  3-INCH  ANTI- 
AIRCRAFT MOUNTS  FOR  WATERTOWN  ARSENAL,  WATERTOWN, 
MASS. 

[ProDf  stress  required =40,944  pounds  tension.] 

Elongations  measured  on  a  gauge  length  of  8  inches,  the  first  point 
in  gauge  length  being  6i.  incjxes  from  t^e  piston  head. 


Number  on  rods. 


1 

2 

3 i 

4 

5 : 

6 •. 

7 

8 

9 

10 

11 


Applied  loAds 

500 

1        40.944 

aoo 

pounds. 

pounds. 

poands. 

Inch. 

Inch. 

Inch. 

0 

0.0020 

0 

0 

1             .0023 

0 

0 

.0017 

0 

0 

.0017 

0 

0 

.0020 

0.0001 

0 

.0019 

0 

0 

.0017 

0 

0 

1             .0016 

0 

0 

.0021 

0 

0 

.0018 

0 

0 

.0023 

1 

0 

• 

A  proof  stress  of  40,944  pounds  tension  was  applied  to  each  rod. 

PROOF  STRESS  APPLIED  TO  ONE  PISTON  ROD  FOR  7.6-INCH  HOW- 
ITZER, MODEL  OF  1915,  FOR  ROCK  ISLAND  ARSENAL,  ROCK 
ISLAND,  ILL. 

Elongations  measured  on  a  gauge  length  of  10  inches,  the  first  point 
in  gauge  length  being  17  inches  from  the  end  of  piston  head. 


Aoplied 

Elonga- 
tions in 

(total 

10  inches 

pounds).' 

-  (inches). 

1,000 

0.0 

25,000 

.0030 

50,000 

.0060 

75.000 

.0081 

100.000 

.0103 

125,000 

.0125 

150.000 

.0148 

175,000 

.0171 

196,500 

.0191  - 

1,000 

.0009 

1.000 

.0 

196,500 

.0183 

1,000 

.0001 

Set  (inch). 


0 
0 


Remarks. 


.0009 


0 


.0001 


Initial  load. 


Second  run  on  rod.    Micrometer  reset. 


PROOF   STRESSES  ON    PISTON   RODS. 
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PROOF  STRESS  APPLIED  TO  TWO  PISTON  BODS  FOB  14-INCH  D.  C, 
ICODEL  OF  1907  MI,  FOB  WATEBTOWN  ABSENAL,  WATEBTOWN, 

ICASS. 

(Proof  stress  required— 575,000  pounds  tension.] 

dongation  measured  on  gauge  length  of  30  inches,  the  first  point 
of  gauge  length  being  about  30  inches  from  piston  head. 


No.  on  rods. 


5,000 
pounds. 


Applied  loads. 


675,000 
pounds. 


5.000 
pounds. 


■ 

i 

-    —     — 

— 

59.35-4 
5040-3 

Inch. 
0 

0 

Inch. 
0.0249 
.0223 

Inch. 
0 

0 

1 

A  proof  stress  of  575,000  pounds  tension  was  applied  to  each  rod 
without  sign  of  failure. 


SPRINGS. 
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SPBINGS. 

COMPRESSIVE  TEST  OF  TWO  RECOIL  SPRINGS  (RECTANGULAR) 
FOR  16-POUNDER  CARRIAGES  FOR  WATERTOWN  ARSENAL., 
WATERTOWN,  MASS. 

For  the  purpose  of  making  a  comparative  test  with  the  recoil 
springs  of  15-pounder  carriages,  model  1898,  Nos.  82  and  83,  which 
have  been  received  at  this  arsenal  from  Fort  Rodman. 


Data  required. 


Free  height  of  spring. 

Outside  diameter 

Inside  diameter 

Size  of  wire 

-Numlwi^oleoUs. . . .  ^ . 
Load  at  14.5  inches. . . 

Load  at  9.5  inches 

Load  when  solid. 


Spring  No.  18. 


21.39  inches 

3.77  inches 

I.ft7  inches 

1.07  by  0.26  inch. 

30 

1,250  pounds 

2,135  pounds 

2,237  pounds 


Height  when  solid i  8.83  inches. . 


Spring  No.  95. 


21.44  inches. 
3.76  inches. 
1.66  inches. 
1.07  by  0.27  inch. 
30. 

1,256  pounds. 
2,055  pounds. 
2,134  pounds. 
9.10  inches. 


COMPRESSION  TEST  OF  SIX  RECOIL  SPRINGS  FOR  16-POTJNDER 
CARRIA.GES,  MODEL  1898,  FOR  WATERTOWN  ARSENAL,  WATER- 
TOWN,  MASS. 

For  the  purpose  of  makmg  a  comparative  test  of  the  recoil  springs 
of  15-pounder  carriages,  model  1898,  Nos.  82  and  83,  which  have 
been  received  at  this  arsenal  from  Fort  Rodman,  and  rectangular 
springs,  some  of  which  are  on  hand  in  the  storehouse. 

Test  of  small  or  inner  springs. 


Data  Vequired. 


Spring  from  carriage  No.  82.     Spring  from  carriage  No.  83. 


Free  height  of  springs 16.95  inches •. . .  17.29  inches. 

Number  of  coils ,  23 23. 

Size  of  wire 0. 37  inch 0. 37  inch. 

Load  at  14  inches 300  pounds 340  pounds. 

Load  at  9  inches '  795  pounds 875  pounds. 


Test  of  large  or  outer  springs. 


Data  required. 


Free  height  of  springs 

Number  of  coils 

Size  of  wire 

Load  at  15  inches 

Load  at  10  inches 


Spring  from  carriage  No.  82. 


19. 61  inches. 
19. 

0.50  inch. 
625  poiuids. 
1,324  poimds ,  1,336  pounds. 


19. 65  inches 

19 

0.50  inch... 
632  pounds 


Spring  from  carriage  No.  83. 
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8PBIKGS. 


Test  of  springs  assembled — Small  spring  inside  of  large  one. 


33 


Data  required. 

Spring  from  carriage  No.  82. 

Spring  from  carriage  No.  83. 

Load  at  15  inches 

f^  ponnHg  1 

S35pounds.i 
2, 070  poimds. 
2, 410  pounds. 
9. 70  inches. 

Load  at  10  inches 

2.000  Dounds 

Load  when  solid 

?. 830  nfmnd^i-  ^ 

Heieht  when  solid. .  r 

9. 60  inches 

1  Note  that  in  this  test  inner  spring  was  compressed  (silv  to  15  inches,  whereas  it  is  actually  assembled 
in  carriage  at  14  inches.  .  Considering  that  the  inner  spnng  was  compressed  to  14  inches,  these  figures 
would  be  935  and  945,  respectively. 

NOTE. 

The  assembly  under  test  does  not  give  same  conditions  as  assembled 
in  gun.  Under  test;  the  small  spring  had  1  inch  less  compression  than 
under  service  conditions. 


SMALL   SPRING  NO.  82. 

Compression  16.95" -9"  =  7.95". 
Total  load = load  per  inch  compression. 

795 
Compression  in  inches:  =-q^  =  100  pounds  per  inch  compression. 

Compression  of  small  spring   assembled   at   15"  =  16.95  — 15"  = 
1.95.     100  X  1.95  =  195  load  on  small  spring. 

Load  on  large  spring  at  15"  =  632  poimds.  632  + 195  =  827  pounds 
=  calculated  load  when  assembled  for  test.  Measured  load  =  835 
pounds. 

By  similar  calculations  it  can  be  shown  that  data  on  assembled 
springs  checks  very  closely  the  data  obtained  on  the  springs  taken 
separately. 

Test  of  rectangular  springs  from  storehouse. 


Data  required. 

Spring  No.  49. 

Spring  No.  67. 

Free  heieht  of  sorins 

21. 55  inches 

21. 23  inches. 

3. 78  inches. 

1.66  inches. 

1.07  by  0.27  inch. 

30. 

1,234  pounds. 

2, 174  pounds. 

2, 320  pounds. 

8  98  inches. 

Outside  diameter 

3. 80  inches 

Tnside  diftmeter.  -  -  x , 

1. 67  inches 

Size  of  wire 

1 .  07  by  0. 27  inch 

Number  o^  coUs . .  - . ,  ,  - , 

29 

Load  at  14. 6  inches 

1. 238  pounds 

Load  at  9. 6  inches 

2.117  pounds 

Load  when  solid 

2. 370  pounds 

Heisht  when  solid 

8. 5  inches 

31082**— 18 3 
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TEVSILE  TESTS  OF  SECTIOITS  OF  COPPEB  BOTATIITO  BAVDS. 


Band  (or— 


4.7-inch  common  steel 
sbeU 

Do 

Do..... 

Do 

Do 

Do 

Do 

6-inch  A.  P.  shell . . . . . 
IMnch  A.P.  shell.... 

Do 


Tensile 

Elongation  in 

Thick- 

Sec- 
tional 

strength. 

2  inches. 

Width 

(inch). 

ness 
(inch). 

area 

(square 

inch). 

Load 
(lbs.). 

Pounds 

per 

square 

inch. 

Inch. 

Per 
cent. 

0.405 

a  102 

a050 

1,58ft 

31,700 

a79 

39.5 

.502 

.096 

.048 

1,455 

30.312 

.64 

32.0 

.501 

.101 

.050 

1,494 

29,900 

.75 

37.5 

.497 

.ia5 

.052 

1,668 

32,077 

.85 

42.5 

.505 

.007 

.049 

1,568 

32,000 

.79 

39.5 

.5a5 

•  099 

.0499 

1,625 

32,560 

.80 

4a  0 

.504 

.097 

.0488 

1>629 

33,380 

.68 

34.0 

.501 

.090 

.045 

1,676 

35,000 

.45 

22.5 

.504 

.10 

.050 

1,713 

34,200 

.70 

3f».0 

.504 

.10 

.050 

1,718 

34,360 

.72 

36.0 

Elongation  in 
inch  sections. 


Inch.  I  Inch. 


a28 
.19 
.32 

1.60 
.24 
.34 
.18 
.18 
.24 
.24 


10.51 
1.45 
1.43 
.35 
1.55 
1.46 
1.60 
1.27 
1.46 
1.48 


Band  for— 


4.7-inch  common  steel  shell 

Do 

Do 

Do 

Do 

Do 

Do 

6-inch  A.  P.  shell 

12-inch  A.  P.  shell 

Do 


Dimensions  at  fracture. 


Width 
(inch). 


a35 
.36 
.36 
.33 
.35 
.37 
.35 
.42 
.39 
.37 


Thick- 
ness 
(inch). 


0.05 
.04 
.05 
.05 
.07 
.06 
.05 
.06 
.07 
.07 


Sectional 

area 
(square 
inch). 


0.017 
.014 
.018 
.016 
.024 
.022 
.017 
.025 
.027 
.026 


Contrac- 
tion of 

area  (per 
cent). 


66.0 
70.8 
64.0 
69.2 
51.0 
55.9 
65.1 
44.4 
46.0 
48.0 


Appearanc 
of  fracture 


ice 
fracture. 


Salmon. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do 


1  Inch  section  in  which  fracture  occurred. 
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MISCELLAHEOUS. 


LEBBATION  OF  DYNAMOMETEB. 


This  machiue  was  calibrated  in  the  large  Emery  hydraulic  testing 
machine.  The  dynamometer  was  supported  on  the  opposite  side 
from  the  scale  and  pointer.  Three  senes  of  readings  were  taken,  the 
load  being  applied  in  the  proper  increments  up  to  60  long  tons,  and 
then  decreased  to  5  long  tons.  This  operation  was  repeated  three 
times.  The  entire  series  of  readings  is  tabulated,  and  for  the  purpose 
of  plotting  the  calibration  curve  the  mean  values  of  the  "up"  read- 
ings were  used  for  the  graph  "Readings  with  increasing  load,"  and 
the  mean  values  of  the  "down"  readings  for  the  graph  "Readings 
with  decreasing  load." 

From  an  inspection  of  these  two  eraphs,  it  is  to  be  noted  that  in 
no  case  is  the  difference  between  the  "up"  and  "down"  readings 
greater  than  1  long  ton. 

For  the  purpose  of  marking  the  scale,  the  mean  of  the  "up"  and 
"down"  readings  were  taken  at  each  load.  The  accuracy  of  this 
instrument,  therefore,  will  fall  within  one-half  long  ton.  To  assist 
in  the  making  of  a  new  scale,  a  reference  mark  was  stamped  on  the 
dynamometer.  The  distance  from  this  reference  mark  to  the  zero 
point  on  the  scale  should  be  16.8  centimeters.  There  was  no  appre- 
ciable movement  of  the  pointer  from  zero  to  5  tons.  The  accuracy 
of  this  instrument  below  10  tons  is  questionable. 

"  C/p'*  readings. 


T.oftd  tons. 

5 

10 

20 

30 

40 

50 

60 

Trial  No.  1 

0 
0 
0 

0.55 
.65 
.60 

2.25 
2.25 
2.25 

3.95 
3.95 
3.95 

5.65 
5.65 
5.70 

7.45 
7.45 
7.45 

9.30 
9.25 
9.30 

Trial  No.  2 

Trial  No.  3 

Mean 

0 

.57 

2.25 

3.95 

5.67 

7.45 

9.28 

**Dovm^*  readings. 


Load  tons. 


Trial  No.  1 
Trial  No.  2 
Trial  No.  3 

Mean. 


60 

60 

40 

30 

20 

10 

6 

9.30 
9.25 
9.30 

7.65 
7.65 
7.45 

5.80 
6.70 
6.75 

4.05 
4.05 
4.10 

2.36 
2.30 
2.40 

0.65 
.65 
.65 

0 
0 
0 

9.28 

7.52 

5.76 

4.07 

2.36 

.65 

0 

Mean  of  *'up''  and  *'dotun'*  readings. 

Load  tons. 

5 

10 

20 

30 

40 

60 

60 

0 

0.61 

2.30 

4.01 

6.71 

7.49 

9.28 
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MISOELLAKEOTTS. 
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40 


MISCELLANEOUS. 


TENSILE  TESTS  OF  FOTTB  WELDED  BODS  FOB  WATEBTOWN 

ABSENAL,  WATEBTOWN,  MASS. 

Bars  marked  A,  B,  C,  and  E. 

A  =  welded' with  high  carbon  (sample)  rod. 
B  =  welded  with  high  carbon  (sample)  rod. 
C  =  welded  with  Titan  rod. 
E  =  welded  with  Boston  C  Co.'s  rod. 


Marks. 


A, 
C. 


1 
Sectional 

Diameter 

area 

(in(ii). 

(square 

4 

inch). 

0.505 

0.20 

.505 

.20 

.505 

.20 

.505 

.20 

Approximate  yield  point. 


Tensile  strength. 


Load 
(pounds). 


5,400 
5,200 
4,300 
4,8Qp 


Stress 
(pounds  i>er 
square  inch). 


27,000 
26,000 
21,500 
24,000 


Load 
(pounds). 


6,600 
5,900 
5,500 
5,600 


Stress 
(pounds  per 
square  inch). 


33,000 
29,500 
27,500 
28,000 


Marks. 


A. 
B. 
C. 
E. 


Elongation  in  2 

Elongation  in 

Diam- 

Contrac- 

inches. 

inch  sections. 

eter 

tion  of 

at  frac- 
ture 

area 
(per 

Inch. 

Per  cent. 

Inch. 

Inch. 

(inch). 

cent). 

0.13 

6.5 

10.12 

0.01 

0.49 

5.7 

.11 

5.5 

1.09 

.02 

.49 

5.7 

.10 

5.0 

.02 

1.08 

.49 

5.7 

.02 

1.0 

.01 

.01 

.50 

1.8 

Appearance  of  fracture. 


Silveiy  gray,  oblique. 
Amorphous. 
Silvery  gray,  oblique. 
Do. 


1  Inch  section  in  which  fracture  occurred. 


TENSILE  TEST  OF  A  PIECE   OF  COLD-DBAWN   SEAMUBSS   STEEL 
TTJBINa  FOB  WATEBTOWN  ABSENAL,  WATEBTOWN,  MASS. 


Dimensions.  - 

Sectional 

Yield  point. 

Tensile  strength. 

Width  (inch). 

Thickness 
(inch) 

area  (square 
inch). 

Total  pounds. 

Pounds  per 
square  inch. 

Total  pounds. 

Pounds  per 
square  inch. 

0.999 

0.379 

0.378 

17,400 

46,000 

22,200 

58,700 

Elongation  in  2 
inches. 

Elongation  in  inch 
sections. 

Dimensions  at  fracture. 

Contrac- 
tion of 
area. 

Appear- 
ance of 
fracture. 

Inch. 

Per  cent. 

Inch. 

Inch. 

Width 
(inch). 

Thickness 
(inch). 

Sectional 

area 

(square 

inch). 

0.64 

32.0 

0.23 

1  0. 41 

0.71 

0.23 

0.163 

56.8 

4 

Silky. 

1  Inch  section  in  which  fracture  occurred. 


MISCELLANEOUS. 
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TENSILE  TEST  OF  A  SPECIMEN  TAEEN  FBOK  A  PIECE  OF  STEEL 
TTJBINa  FOB  WATEBTOWN  ABSENAL,  WATEBTOWN,  MASS. 


Width 
(inch). 

Thick- 
ness 
(inch). 

Sectional 

]^astlcUmit. 

Tensile  strength. 

area 
(square 
inch). 

'  Load 
(pounds). 

Stress 

(pounds  per 

square  inch). 

Load 
(pounds). 

Stress 

(pounds  per 

square  inch). 

Required 

50,000-65,000 
63,779 

60,000-76,000 
72,178 

Result 

0.998 

0.382 

0.381 

24,300 

27,600 

« 

Elongation  in 
8  inches. 

Elongation  in  inch  sections. 

Inch. 

Per 
cent. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Required 

■ 

10-16   . 
8.5 

' 

Result 

0.68 

0.02 

0.04 

0.03 

0.04 

0.05 

0.06 

10.26 

10.18 

.  Dimensions  at  fracture. 

Contrac- 
tion of  area 
(percent). 

Appearance  of 
fracture. 

Width 
(inch). 

Thickness 
(inch). 

Sectional 

area 

(square 

inch). 

Required 

35-45 
aa.Q 

SilkT. 

Result 

0-7S 

n-2R 

0.187 

1  Inch  section  in  which  fracture  occurred. 


TENSILE  TES't  OF  A  PIECE  OF  MACHINEBY  STEEL  (PLATE  SPECL 
HEN)  FOB  WATEBTOWN  ABSENAL,  WATEBTOWN,  MASS. 


Width 
(inch). 

Thickness 
(inch). 

Sectional 

area 

(square  inch). 

Yield  point. 

Tensile  strength. 

Load 
(pounds). 

Pounds  per 
square  inch. 

• 

Load 
(pounds). 

Pounds  per 
square  inch. 

0.994 

^0.184 

0.183 

7,500 

40,980 

10,600 

67,920 

Elongation  in 
8  inches. 

Eloneatlon  of  inch  sections. 

Inches.  . 

Percent. 

2.21 

27.6 

Inch. 
0.18 

Inch. 
0.20 

Inch. 
0.21 

Inch. 
0.19 

Inch. 
0.27 

Inch. 
0.37 

Inch. 
10.54 

Inch. 
0.25 

1  Inch  section  in  which  fracture  occurred. 
DIMENSIONS  AT  FRACTURE. 


Width 
(hich). 

Thickness 
(inch). 

Sectional 

area 

(square  inch). 

Contraction 

of  area 
(per  cent). 

Appearance  of  fracture. 

0.70 

0.10 

0.07 

61.7 

Silky. 
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PROOF  STBBSS  APPUBD  TO  ONE  EIiEVATINa  SHAFT  FOB  16-INCa 
D.  C,  L.  F.,  MODEL  OF  1012,  FOB  WATEBTOWN  ABSENAL,  WATEB- 
TOWN,  MASS. 

Proof  stress  required  =  400,000  pounds  pull  between  top  nut,  4lC, 
and  piston. 

Elongations  were  taken  on  a  length  of  about  21.75  inches  from 
outside  flange  of  gear  to  outside  face  of  a  ring  threaded  on  shaft  in 
place  of  the  regular  piston.    Shaft  number,  5975. 


Applied 

roads  (total 

pounds). 

Elongation  in 

21.75  indies 

(inch). 

Set  (inch). 

Remarlrs. 

5,000 
100,000 
200,000 

5,000 

200,000 

300,000 

400,000 

5,000 

0 
.0141 
.0202 

.0202 
.0250 
.0310 

0 
.0100 

.0123 

m 

This  set  is  probably  due  to  a  little  looseness  in  thread 
ofring. 

SECOND  RUN. 

5,000 

400,000 

5,000 

0.0123 
.0317 

0.0123 
.0129 

HABDNESS  TEST  ON  TWO  COLD  SAWS  FOB  WATEBTOWN  ABSENAL, 

WATEBTOWN,  MASS. 

BrineU  hardness  taken  at  four  places,  or  at  the  quarters  about 
0.20  inch  from  the  bottom  of  the  teeth. 


B      D 


14i-indi  diameter  saw. 

16|-inch  diameter  saw. 

Points. 

A. 

B. 

c. 

D. 

A. 

B. 

c. 

D. 

Hi^rdiiess 

BrineU 

478 

478 

389 

389 

364 

430 

364 

352 

INVESTIGATIVE  TESTS. 

(Material  submitted  to  the  department  claimed  to  be 

of  novel  or  superior  value  for  its  use,  or  material  which 

has  developed  defects  in  manufacture  or  service.) 
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IirVESTIGATIOir   OF   FAILUBE    OF   ELEVATIira    SCBEWS    ON 

14"  D.  C.  NO.  13  AND  14"  D.  C.  NO.  14. 

INTRODUCTION. 

The  elevating  screws  hereinafter  described  as  No.  13  and  No.  14 
failed  during  the  proof  firing  of  the  carriage  to  which  they  were  at- 
tached. The  description  of  the  conditions  under  which  the  screws 
failed  was  submitted  with  the  broken  screws  and  very  clearly  showed 
that  the  failure  was  not  a  result  of  improper  design  but  rather  of 
defective  material. 

These  screws  were  manufactured  from  purchased  forgings.  The 
chemical  analysis  of  the  heat  from  which  these  forgings  were  made 
was  as  follows: 


c. 

Mn. 

Si. 

P. 

S. 

Ni. 

Cr. 

0.430 

0.643 

0.190 

0.030 

0.018 

3.06 

1.07 

The  acceptance  tests  made  at  the  works  of  the  contractor  are 
recorded  below: 

CARRIAGE  NO.  13-fl3  INCHES  LONG,  71  INCHES  DIAMETER. 


Elastic  limit  (pounds 
per  square  inch). 

Tensile  strength 

(pounds  per  square 

inch). 

Elongation  (per 
cent). 

Contraction  (per 
cent). 

Fracture. 

122,000 

144,000 

• 

15.0 

34.4 

Silky 

CARRIAGE  NO.  14—93  INCHES  LONG,  7i  INCHES  DIAMETER. 


Elastic  limit  (pounds 
per  square  inch). 

Tensile  strength 

(poimds  per  square 

inch). 

Elongation  (per 
cent). 

Contraction  (per 
cent). 

Fracture. 

129,000 

150,000 

15.5 

39.4 

Silky. 

CONCLUSIONS. 

The  conclusions  given  herein  are  based  on  facts  developed  in  the 
course  of  this  investigation  and  previous  data  derived  from  manu- 
facturing experience  at  this  arsenal. 

The  following  suggestion  presupposes  the  taking  of  longitudinal 
test  specimens  onh'  to  determine  the  suitabihty  of  the  forging  for 
threaded  elevatingscrews  requiring  D  steel. 

1.  Higher  shock  strength  will  be  developed  by  placing  the  elastic 
Umit  between  hmiting  vedues.     Those  suggested  are  87,500  minimum, 
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100,000  maximum.    The  elongation  requirement  should  be  raised  to 
18  per  cent  and  the  contraction  of  area  to  40  per  cent. 

2.  The  carbon  content  of  the  material  shoiud  not  exceed  0.45  per 
cent  and  the  chromium  not  over  0.10  per  cent.  In  other  words,  a 
straight  nickel  steel  should  be  employed. 

3.  The  following  table  gives  the  heat  treatment  and  .physical 
properties  of  a  number  of  elevating  screws  recently  manufactured 
at  this  arsenal.  From  this  data  it  appears  that  a  suitable  treat- 
ment for  developing  a  high  shock  strength  in  conjunction  with  an 
elastic  limit  of  87,000  to  100,000  pounds  for  D  steel  containing  3.50 

f>er  cent  nickel  with  no  chromium  is  as  foUows:  Water  quenching 
rom  800°  C,  followed  by  tempering  at  525°  C.  to  600°  C. 

The  temperature  will  vary  between  the  above  limits,  due  to  differ- 
ences in  hardness  developed  by  the  Quenching  operation  or  shght 
irregularities  in  the  composition.  If  tne  quenching  is  done  in  oil,  a 
hardening  temperature  some  50°  higher  should  be  used. 


Marks  on 
specimen. 

Yield 

point 

(pounds 

per 
square 
inch). 

Tensile 
strength 
(pounds 

per 
square 
inch) 

Elon- 
gation 
(per 
cent). 

Con- 
trac- 
tion 
(per 
cent). 

Charpy 
(foot- 
pounds 

per 
square 
inch). 

Brinell 
hard- 
ness 
No. 

7221  F5 

92,000 

115,500 

21.0 

57.2 

255 

255 

7228  F4 

95,000 

121,500 

20.5 

57.2 

331 

255 

722»F 

97,000 

129,500 

19.0 

49.1 

296 

280 

7230  F3 

94,000 

119,500 

21.0 

59.8 

354 

255 

7231  F2 

95,000 

125,500 

20.0 

54.6 

298 

255 

7232  F2 

95,000 

124,500 

20.5 

57.2 

295 

262 

7233  F3 

96,000 

122,500 

21.0 

57.2 

324 

255 

7234  F2 

92,000 

122,000 

21.0 

67.2 

329 

255 

7235  F2 

92,000 

121,500 

22.0 

57.2 

334 

248 

7236F 

89,000 

121,500 

19.0 

46.2 

289 

255 

7237  F5 

96,000 

119,000 

22.5 

57.2 

265 

241 

Heat  treatment. 


Quenched  in 
C.    Drawn  4 


Second  treatment.    Annealed  10 

hours  at  850"  C.    Quenched  in 

water  at  800°   C.    Drawn   4 

hours  at  580°  C. 
Fourth     draw.    Quenched     in 

water  at  800°   C.    Drawn   4 

hours  at  560°  C. 
First  treatment. 

water  at  800° 

hours  at  500°  C. 
Third  draw.  Quffliched  in  water 

at  800°  C.    Drawn  4  hours  at 

540°  C. 
Sec3nd  treatment.  Quenched  in 

water  at  800*  C.    Drawn  3 

hours  at  540*  C. 
Second  treatment.  Quenched  in 

water  at  800°  C.    Drawn   4 

hours  at  525°  C. 
Third      draw.    Quffliched      in 

water  at  800°   C.    Drawn  4 

hours  at  540°  C. 
Second  treatment.   Quenched  in 

water  at  800°   C.    Drawn  3 

hours  at  540°  C. 
Secand  treatment.   Quenched  in 

water  at  800°  C.    Drawn   3 

hours  at  540°  C. 
First  treatment.    Quenched  in 

water  at  800°  C.    Drawn  ^ 

hours  at  525°  C.  • 
Fifth  treatment.    Quenched  in 

water  at  800°   C.    Drawn  3 

hours  at  600°  C. 


Certain  experimental  evidence  submitted  herein  makes  it  very 
apparent  that  threading  a  piece  of  material  similar  to  a  D  steel 
elevating  screw  materially  decreases  its  resistance  to  shock.  The 
explanation  of  the  deleterious  effect  of  abrupt  section  changes  in 
anjr  section  subiected  to  suddenly  apphed  loads  involves  m,any 
pomts  not  clearly  understood.  Data  nave  been  presented  in  tjiis 
report  which  show  that  the  physical  properties  of  the  forging  at 
right  angles  to  the  principal  axis  are  very  important  and  under 
present  methods  of  inspection  are  not  determined. 
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The  advisability  of  introducing  the  transverse  test  for  all  forgings 
is  questionable,  out  for  those  involving  abrupt  section  changes 
such  a  test  seems  imperative.  The  more  detailed  discussion  of 
this  and  related  points  is  reserved  to  a  later  part  of  this  report. 

The  following  theory  is  presented,  although  discussed  in  detail 
later,  to  account  for  the  behavior  of  the  elevatii^  screws  in  14-inch 
D.  C.  carriages,  model  1907,  Nos.  13  and'  14.  This  theory  will  at 
least  serve  to  indicate  the  lines  along  which  further  investigation 
is  now  being  conducted. 

The  two  elevating  screws  examined  wei^  characterized  by  good 
ductility  along  the  principal  axis,  and  practically  zero  ductility  at 
right  angles  to  this  direction.  Being  threaded,  abrupt  section 
changes  are  also  present. 

In  service  a  severe  stress  is  apparently  applied  alon^  the  major 
axis  of  the  screw,  good  ductility  being  present  in  this  direction. 
The  principal  stress  wave  upon  encountering  abrupt  section  changes 
sets  up  extra  stresses  (greater  than  Poissons  ratio  ?)  at  right  an^es 
to  the  principal  axis.  No  ductility  being  present  in  this  direction 
failure  results. 

EXPERIMENTAL. 

The  general  plan  followed  in  this  investigation  was  to  determine 
by  a  variety  of  physical  tests  and  by  microscopical  examination  the 
nature  of  the  metal  in  the  screws,  and  to  see  if  the  composition 
employed  in  the  fabrication  of  the  forgings  would  not  yield  to  a 
suitable  treatment,  so  that  more  satisfactory  properties  would  be 
developed.  Experiments  were  also  conducted  on  threaded  speci- 
mens to  show;,  if  possible,  the  influence  of  threading  on  such  material 
when  stresses  are  appUed  suddenly. 

To  assist  in  the  presentation  of  the  data,  the  fractured  specimens 
from  screw  4545,  carriage  No.  13,  have  been  photographe4  and  the 
results  inserted  below  each  photograph,  together  with  the  necessary 
descriptive  remarks. 

DESCRIPTION   OF  TESTS. 

The  following  details  are  presented  at  this  point,  so  that  the  terms 
used  hereafter  will  be  clearly  understood. 

Static  tensile  test:  Standard  test  specimen  0.505  inches  diameter. 
(See  drawing  on  p.  49.) 

The  load  was  appUed  in  increments  of  5,000  or  10,000  pounds 
until  the  stress  reached  60,000  or  70,000  poimds,  after  which  the 
loading  increment  was  reduced  to  1,000  poimds  until  the  elastic 
limit  was  passed.  These  results  were  plotted  and  the  yield  point 
and  elastic  limit  determined  from  the  stress-strain  diagram.  The 
yield  point  was  determined  as  the  point  where  the  stress-strain 
curve  departed  0.0004  inch  from  the  Hooks's  Law  curve.  This 
procedure  was  adopted  as  it  was  thought  that  this  point  would 
correspond  to  that  generally  reported  as  the  elastic  limit.  The 
stress-strain  curve  very  appreciably  flattens  above  this  point.  The 
elastic  limit  was  determined  as  the  point  where  the  elongation  and 
load  ceased  to  be  directly  proportional. 
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CHARFT  NOTCHED  BAR  TBANBYERSE  TEST. 

A  drawii^  of  this  specimen  is  shown  on  pa^e  49.    This  test  con- 
sists of  an  impact  transverse  test  on  the  notcned  square  bar. 

CHARFT  NOTCHED  BAR  TENSILE  TEST. 

A  drawing  of  this  specimen  is  shown  on  page  49.    This  test  con- 
sists of  an  impact  tensue  test  on  a  grooved  tensue  specimen. 

CHARFT  TENSILE  TEST. 

A  drawing  of  this  specimen  is  shown  on  page  49.    This  test  con- 
sists of  an  impact  tensile  test  oh  a  uniform  section  tensile  specimen. 
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MATERIAL. 


Elevating  screw  from  48irnage  No.  13,  as  received  from  service. 

StcUic  tensiZe  test — ^Tensile  specimens  tested  in  Emery  hydraulic 
machine.  Specimens  shown  above  were  taken  in  direction  oi  axis  of 
screw,  or,  in  other  words,  thej  were  longitudinal  specimens.  Tensile 
tests  under  present  specifications  would  be  taken  as  above. 


Results. 


specimen  marks. 

Elastic 

Ihnit 

(pounds  per 

square  inch). 

Yield 

point 
(pounds  per 
square  inch). 

Tensile 

strength 

(pounds  per 

square  inch). 

Elongation 
(per  cent). 

Contraction 

of  area 
(per  cent). 

Brinell 

hardness 

No. 

1 

108,000 
108,000 
100,000 
100,000 

112,000 
111,000 
107,000 
109,000 

137,000 
130,500 
136,000 
136,500 

19.0 
19.0 
19.0 
19.5 

51.9 
51.9 
49.1 
51.9 

293 
281 
277 
281   . 

2 

3 

4 .\ 

Mean 

104,000 

109,750  ' 

136,500 

19.2 

51.2 

283 

INVESTIGATIVE  TESTS. 
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i 


P 


^.^1 


I 
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P 
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INVESTIGATIVE  TESTS. 


MATERIAL. 


Elevating  screw  from  carriage  No.  13,  as  received  from  service. 

Static  tensile  test. — ^Tensile  specimens  tested  in  Emery  hydraulic 
machine.  Specimens  shown  above  were  taken  at  right  angles  to  axis 
of  screw,  or,  in  other  words,  transverse  specimens. 


Results. 


Specimen  marks. 

Elastic  limit 
(pomidsper 
square  inch). 

Yield  point 
(pounds  per 
square  inch). 

Tensile 

strength 

(ponn<uper 

square  inch). 

Elongation 
(percent). 

Contraction 

of  area 
(per  cent). 

BrineU 

hardness 

No. 

1 

1107,000 
99,000 
95,000 

116,500 
121,500 
120,000 

2.5 
3.5 
4.0 

5.7 
5.7 
5.7 

285 
277 
277 

2 

85,000 
85,000 

3 

Mean 

85,000 

97,000  . 

119,350 

3.3 

5.7 

280 

Extensometer  readings  not  taken.    Result  not  used  in  computing  mean. 
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MATEBIAL. 


Elevating  screw  from  carriage  No.  13,  as  received  irom  service. 

Charpy  notched  bar  transverse  test, — ^Lower  row  taken  at  right 
an^es  to  axis  of  screw  with  slot  ciit  in  direction  of  axis  {transverse 
Charpy) ;  upper  row  taken  in  direction  of  axis  of  screw  with  dot  cut 
at  right  angles  to  axis  Qonffitudinal  Charpy). 


RenUts. 


• 

Transyerse. 

No. 

Foot- 
pounds 
persouare 

No. 

Foot- 
poimdB 

1. 

17.1 
21.7 
20.6 
16.0 
21.8 
12.4 
18.8 
12.4 

1 

26.8 
26.8 
27.9 
19.4 
26.6 
27.9 
89.1 
26.8 
26.8 

2 

2 

3 

3 

4: 

4 

5 

6 

6.. 

6 

7 

7 

8 

8 

Mmn 

9 

17.6 

M 

MMl 

27.4 
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Elevating  screw  from  carriage  No.  13,  as  received  from  service. 

Tensile  Oiarpy  specimens  taken  along  axis  of  screw  (longitvdinaZ^ . 
Upper  row  not  notched;  lower  row  notched  with  a  diameter  at  bottom 
of  notch  equal  to  diameter  of  nnnotched  specimen. 


Results. 


Specimens  not  notched. 

Notched  specimens. 

• 

No. 

Diam- 
eter 
(inches). 

Foot- 
pounds 

per 
square 

inch. 

Elonga- 
tion in  2 

inches 
(per 

cent). 

Contrac- 
tion of 
area 
(per 
cent). 

No. 

Diam- 
eter 
(inches). 

Foot- 
pounds 

per 
square 

inch. 

1 

a  237 
.237 
.237 
.237 
.237 

3,340 
4,060 
3,650 
4,030 
3,740 

13.5 
16.0 
15.0 
16.5 
15.0 

54.5 
56.8 
56.8 
56.8 
50.0 

I 

0.233 
.285 
.239 
.237 
.239 

76 
128 
141 
138 
187 

2 

2 

3 

4 

3 

4 

5 

6 

Mftftn...... 

Mi^nn 

3,760 

15.2 

56.8 

134 

T 
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MATERIAL. 

Elevating  screw  from  carriage  No.  13,  as  received  from  service. 

Tensile  Giarpy  specimens,  taken  at  right  angles  to  axis  of  elevating 
screw.  Upper  row  not  notched;  lower  row  notched,  with  a  diameter 
at  bottom  of  notch  equal  to  diameter  of  unnotched  specimen. 

Results, 


Specimens  not  notched. 

Notched  specimens. 

No. 

Diam- 
eter 
(inches). 

Foot- 
pounds 

per 
square 

inch. 

'Elonga- 
tion 
(per 
cent). 

No. 

Diam- 
eter 
(inches). 

Foot- 
pounds 

per 
square 

inch. 

1..1... 

0.237 
.237 
.237 
.238 
.237 

U9.9 
129.0 
»85.0 
149.0 
109.0 

0.5 
1.0 

.6 
1.0 

.5 

1 

0.238 
.237 
.237 
.239 
.235 

32.2 
56.0 
62.5 
46.6 
30.9 

2 

2.., 

3 

3 • 

4 

4 

5 

5 

Mftfln 

• 

Mean 

129.0 

.8 

45.6 

1  Results  not  used  in  computing  mean. 
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MATERIAL. 

Elevating  screw  from  carriage  No.  13  as  received  from  service. 

Static  tests. — Specimens  pulJed  in  Emery  hydraulic  machine  (miniar- 
ture  elevating  screws).  These  specimens  were  made  as  nearly  pro- 
portional as  possible  to  the  elevating  screw.  ^7 

The  two  specimens  on  the  left  were  taken  in  direction  df;  axis  of 
elevating  screw  (longitudinal).  ,:. 

The  two  specimens  on  the  right  were  taken  at  right  angl^:  to  axis 
of  elevating  screw  (transverse). 


Results. 


-ju. 


LONGITUDINAL  MINIATURE  SCREWS. 

TRANSVERSE  MINIATURE  SCREWS. 

Specimen. 

Flastic 

limit 

(pounds 

per 
square 
inch). 

Tensile 
strength 
(pounds 

per 
square 
inch). 

Elon- 
gation 
(per 
cent). 

Con- 
trac- 
tion 

of  area 
(per 

cent). 

Specimen. 

Elastic 
limit 

(pounds 
per 

square 
inch). 

Tensile 
strength 
(pounds 

per 
square 
inch). 

Elon- 
gation 
(per 
cent.) 

Con- 
trac- 
tion 

of  area 
(per 

cent). 

1 

117,750 
120,000 

146,650 
151, 100 

5.5 
8.0 

31.1 
24.4 

1 

113,350 
113,350 

124,450 
135,550 

1.6 
2.6 

None. 
None. 

2 

2 

Mean.. 

Mean.. 

118,876 

148,875 

6.7 

27.7 

113,350 

130,000 

2.0 

None. 

M 
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MATERIAL. 


Elevating  screw  from  carriage  No.  13  as  received  from  service. 
Charpy  tensile  test  on  miniature  elevating  screws.    Both  speci- 
mens taken  in  direction  of  axis  of  elevating  screw. 


ResiUts. 


Specimen  No. 

Diameter 
(inches). 

Foot-pounds 

per  square 

incn. 

Elongation 
in  2  Inches 
(percent). 

1 

.    0.240 
.240 

512 
382 

2.5 
1.5 

2 

Mean 

.240 

447 

2.0 
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HATEBIAL. 


Elevating  screw  from  carriage  No.  13  as  received  from  service. 

Miniature  elevating  screws  broken  in  Charpy  machine.  The 
design  of  the  thread  was  the  same  on  the  two  specimens  on  the  left 
as  now  used  on  the  elevating  screw.  The  thread  was  changed  on 
the  two  specimens  on  the  nght  and  rounded  at  the  base.  The 
sketch  below  illustrates  the  conditions  present. 


AA 


A/\ 


Results. 


Description  of  specimen. 

Diameter 
(inches). 

Foot-pounds 

per  square 

inch. 

Elongation 
In  2  inches 
(per  cent). 

Mean  foot- 
pounds per 
square  inch. 

Flat  bottom  thread 

0.340 
.340 
.340 
.340 

576 
895 
137 
558 

1.5 
3.0 
1.0 
1.5 

735 

Do 

Round  bottom  thread 

347 

Do 

MATERIAL. 


Elevating  screw  from  carriage  No.  13  as  received  from  service. 

From  left  to  right  the  first  specimen  shows  fractured  end  of  static 
tensile  specimen  taken  in  longitudinal  direction.  Good  ductility, 
elastic  limit,  and  tensile  strength. 

The  second  represents  a  static  tensile  specimen  taken  at  right 
angles  to  number  one,  or,  in  other  words,  a  transverse  specimen. 
No  ductility,  good  elastic  limit,  and  tensUe  strength. 

Specimen  No.  3  represents  an  unnotched  longitudinal  Charpy 
specimen.     High  shock  strength,  good  ductility. 

Specimen  No.  4  represents  a  notched  longitudinal  Charpy  speci- 
men.    Low  shock  strength. 

Specimen  No.  5  represents  a  miniature  elevating  screw  taken  in  a 
longitudinal  direction  and  broken  as  a  tensUe  specimen  in  Charpy 
machine.     Low  shock  strength. 


INVESTIGATIVE  TESTS. 
Summary  of  results  on  screw  4645  y  carriage  No.  IS,  as  received  from  service. 
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Nature  of  test. 

Description  of 
specimen.  • 

Yield 

pomt 

(pounds 

per 
square 
inch). 

Elastic 

limit 

(pounds 

per 
square 
inch). 

Tensile 

strength 

(pounds 

per 
square 
inch). 

Elon- 
gation 
(per 
cent). 

Con- 
trac- 
tion 

cent). 

Foot- 
pounds 

ab- 
sorbed 

per 

square 

inch. 

Static  tensile  (mean 
of  4  tests). 

Static  tensile  (mean 
of  3  tests). 

Charpy  notched  bar, 
transverse  test 
(mean  of  8  tests). 

Charpy  notched  bar, 
transverse  test 
(mean  of  8  tests). 

Cniarpy  tensile  test 
(mean  of  5  tests). 

• 

Charpy  notched  bar, 
tensile  test  (mean 
of  5  tests). 

Charpy    tensile   test 
(mean  of  5  tests). 

Charpy  notched  bar, 
tensile  test  (mean 
of  5  tests). 

0.505-inch  standard 
tensile  Oon^tudi- 
nal). 

0.505-inch  standard 
tensile        (trans- 
verse). 

Notched  bar  (longi- 
tudinal). 

Notched  bar  (trans- 
verse). 

Small    tensile    bar 
without      notch, 
0.23V  inch  diame- 
ter (longitudinal). 

Small    tensile     bar 
with  notch,  0.237 
inch    at    bottom 
(longitudinal). 

Small    tensile    bar 
without      notch, 
OM'i  inch  diame- 
ter (transverse). 

Small    tensile    bar 
with  notch.  0.237 
inch        diameter 
■  (transverse). 

100,750 
»7,000 

104,000 
85,000 

136,500 
119,350 

19.2 
3.3 

51.3 
6.7 

27.4 

17.5 

3,7(X) 

134 

129 

45.6 

15.2 

.56.8 

.8 

Miniature  elevating  screws. 


Nature  of  test. 

Yield 

point 

(pounds 

per  square 

Teasile 

strength 

(pounds 

per  square 

inch). 

Elonga- 
tion (per 
cent). 

Contrac- 
tion (per 
cent). 

Foot- 
pounds 
absorbed 
per 
square 
inch. 

Static  longitudinal  (mean  of  2  tests) 

Static  transverse  (mean  of  2  tests) 

Charpy  traction  test  (longitudmal;  mean 
of  2  tests^ 

118,875 
113,350 

148.875              6.7 
130,000    :         2.0 

27.7 
None. 

•••••••••• 

447 

Charpy  traction  test  (longitudinal);  diam- 
eter at  bottom  of  thread,  0.340  inch; 
Hat  bottom  thread 

• 

735 

ai7 

Charpy  traction  test  (longitudinal);  diam- 
eter at  bottom  of  thread,  0.340  inch; 
round  hottnm  t.hreAd 

An  examination  of  these  physical  tests  enables  the  statement  of 
several  facts. 

(1)  The  longitudinal  static  tensile  specimens  show  good  physical 
qualities,  meeting  the  specifications  for  forged  steel  D.  The  yield 
point  and  elastic  limit  are  only  separated  by  6,760  poimds. 

(2)  Hie  transverse  static  tensile  specimens  show  a  lower  elastic 
limit  and  ultimate  strength  than  the  longitudinal  tensile  specimens, 
but  are  particularly  ma^ed  by  the  absence  of  ductility.  The  yield 
point  and  tensile  strength  differ  by  12,000  pounds. 

(3)  The  Charpy  strength  as  determined  oy  the  notched  bar  speci- 
mens is  very  low,  being  comparable  to  a  good  cast  iron.  Elevating 
screws  recently  manufactured  have  a  Charpy  strength  of  300  to  350, 
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or,  using  this  test  as  a  criterion  of  shock-resisting  power,  over  10 
times  as  great.  The  specimens  taken  in  a  longitudinal  direction 
gave  approximately  60  per  cent  greater  resistance  than  the  trans- 
verse specimens. 

(4)  The  small  Charpy  tensile  bars  taken  longitudinally  gave  3,760 
foot-pounds.  The  diameter  of  these  specimens  was  0.237  inch. 
The  small  tensile  bars  with  notch,  the  diameter  of  the  base  of  the 
notch  being  0.237  inch,  gave  134  foot-pounds.  The  very  apparent 
fact  is  that  the  notch  seriously  reduced  the  shock  strengtn,  the 
notched  bars  oflfering  one  twenty-eighth  of  the  resistance  of  the 
unnotched  specimens.  Neglecting  the  merits  and  demerits  of  the 
respective  specimens,  it  can  be  stated  that  abrupt  change  of  section 
acts  in  some  very  pronounced  manner  to  reduce  the  resistance  to 
shock. 

(5)  The  small  unnotched  Charpy  tensile  specimens  taken  in  a  trans- 
verse direction  gave  a  mean  value  of  129  foot-pounds,  whereas  the 
notched  tensile  specimens  taken  in  the  same  direction  gave  45.6  foot- 
pounds, or  a  reduction  of  approximately  one-third.  The  diflPerence  be- 
tween the  notched  and  unnotched  specimens  was  much  less  when  the 
specimens  were  taken  in  the  transverse  direction.  It  is  to  be  noted 
in  this  connection  that  the  ductiUty  was  good  in  the  longitudinal 
direction,  but  practically  zero  in  the  transverse  direction.  It  would 
seem  that  a  very  close  relation  exists  between  ductility  and  the  effect 
of  abrupt  section  changes. 

(6)  It  is  also  of  interest  to  note  that  the  longitudinal  specimens 
notched  gave  a  mean  value  of  134  foot-pounds,  whereas  the  unnotched 
transverse  specimens  gave  129  foot-pounds.  A  pertinent  question 
can  be  raised  at  this  pomt,  namely.  Does  abrupt  section  change  make 
the  stresses  at  right  angles  to  the  axis  of  the  specimen  greater  than 
Poisson's  ratio  (generalfy  accepted  as  one-third)  of  the  prmcipal  stress 
when  the  stress  is  suddenly  apphed  ? 

(7)  As  the  influence  of  the  notch  on  specimens  subjected  to  shock 
was  so  apparent,  a  number  of  miniature  elevating  screws  were  made. 
These  miniature  screws  had  dimensions  proportional  to  the  service 
screw. 

Static  tensile  tests  on  these  screws  showed  that  the  yield  and 
tensile  strength  were  increased  by  the  presence  of  the  threads, 
whereas  the  ductiUty  was  reduced.  This  is  true  for  both  longitudinal 
and  transverse  specimens,  and  is  in  agreement  with  our  present  knowl- 
edge that  a  notch  or  thread  will  increase  the  yield  pomt  and  tensile 
strength  on  the  reduced  section  caused  by  notching  or  threading. 

(8)  Miniature  elevating  screws  were  then  taken  in  a  longitudinal 
direction  to  approximate  service  conditions.  The  foot-pounds 
absorbed  in  the  rupture  of  these  specimens  gave  a  mean  value  of  447 . 

Foot-iK>iinds. 

Unnotched  bar,  0.237  inch 3, 760 

Notdied  bar,  0.237  inch  base  of  notch 134 

Miniature  elevating  screw,  0.237  inch  base  of  thread 447 

The  notch  in  the  notched  bar  specimen  was  continuous,  whereas  in 
the  threaded  screw  the  fracture  must  pass  through  a  thread  or  over  a 
greater  areaHhan  is  the  case  with  the  regular  notched  Charpy  tensile 
specimen.  These  results  show  beyond  doubt  that  threading,  has 
served  to  bring  into  play  the  factors  associated  with  abrupt  cnange 
of  section,  and  it  is  reasonable  to  assume  that  these  factors  are  active 
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under  service  conditions,  as  the  fractures  of  the  elevating  screws 
which  failed  in  service  were  very  similar  to  the  fracture  of  the  mioia- 
ture  elevathig  screw  broken  in  the  Charpy  machine.  ^  Furthermore, 
no  ductility  was  displayed  by  either  after  rupture,  which  shows  con- 
clusively that  the  properties  exhibited  by  the  longitudinal  static 
tensile  specimen  were  not  utilized  previous  to  failure. 

(9)  The  ordinary  tensile  tests  showed  a  complete  lack  of  duc- 
tility at  right  angles  to  the  axis  of  the  screw.  (See  pp.  60-66.)  Our 
present  knowledge  would,  therefore,  lead  us  to  conclude  that  brittle- 
ness  would  be  experienced  at  right  angles  to  the  principal  axis. 
The  unnotched  Charpy  tensile  specimens,  taken  at  right  angles  to  the 
axis  of  the  screw,  verify  this  conclusion.  (See  p.  63.)  The  apparent 
effect  of  notching  a  bar  taken  in  the  longitudinal  direction  is  to 
weaken  it  under  snock.  It  is  assumed  that  the  effect  of  the  notch  is 
to  seriously  augment  the  stresses  at  right  angles  to  the  main  axis  of 
the  screw  (see  p.  62),  and  as  brittleness  is  present  m  this  direction, 
failure  Occurs  at  unexpectedly  low  stresses. 

The  following  results  were  obtained  from  the  elevating  screw 
which  failed  in  carriage  No.  14,  and  an  inspection  of  these  figures, 
together  with  a  comparison  with  the  results  on  the  screw  from 
carriage  No.  13,  enable  the  following  conclusions  to  be  drawn: 

Static  tensile  test. 

LONGITUDINAL  SPECIMEN. 


Specimen  mark. 

Elastic  Umit 
(pounds  per 
square  inch). 

1 

Yield  point 
(pounds  per 
square  inch). 

Tensile 

strength 

(pounds  per 

square  inch). 

Elon|:ation 
(per  cent). 

Contrac- 
tion of  Eirea 
(l)er  cent). 

Brinell 

hardness 

No. 

1 

110.000 
105,000 
100,000 
104,000 

114,000 
114,000 
111,000 
109,000 

140,000 
140,500 
130,000 
138,000 

16.5 
16.0 
17.5 
17.5 

46.2 
46.2 
46.2 
46.2 

285 
285 
285 
285 

2 

3; 

4 

M^AH    ., 

104,750 

112,000 

• 

139,250 

16.9 

46.2 

285 

TRANSVERSE  SECTION. 


1 
1 

91000 
92,000 
05,000 

09,000 
100,000 
100,000 

108,542 
110,000 
114,500 

1.5 
1.5 
1.5 

5.5 
5.7 
6.7 

285 
262 
285 

2 

3 

Mean 

93,000 

99,666 

111,014 

1.5 

5.6 

277 

Cliarpy  notched  bar  transverse  test. 


Specimens  taken 
loncntrildiTially 

Specimens  taken 
transversely 
(foot-pounds 
absorbed  per 
square  inch). 

(foot-pounds 
absorbed  per 
square  inch). 

26.7 
20.6 
25.5 
26.7 
26.7 
20.6 
25.5 
26.7 

8.9 
25.3 
15.9 
10.1 
14.  S 
17.0 
14.7 
13.5 

Mean—   24.9 

Mean—    15.0 
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Charpy  notched  bar  tensile  test. 

LONGITUDINAL. 


Specimen. 

Foot-pounds 
per  square 

1 

138.0 
172.0 

85.1 
139.0 

87.3 

2 

3 

4 

5 

Mean  , . ,          ,        , 

124.2 

Charpy  tensile  test  on  unnotched  bars. — Diameter  of  bars  equal  to 
diameter  at  bottom  of  notch  of  notched  Charpy  tensile  specimens. 


LONGITUDINAL. 


Specimen. 

Foot-poimds 
absorbed  per 
square  inch. 

Elongation 
(per  cent). 

Contraction 

of  area 
(per  cent). 

1 

1,680 
3,580 
3,610 
600 
2,850 

15.5 
13.5 
14.0 
11.5 
9.5 

2 

50.0 
52.2 

3 

4 

5 

Mean 

3,347 

>  Fractured  at  fillet.    These  specimens  are  omitted  from  the  mean  as  they  fractured  without  contraction 
of  area,'  the  fracture  being  caused  by  improper  radius  of  fillet. 

Charpy  notched  bar  tensile  test. 

TRANSVERSE. 


specimen. 

Foot-pounds 

per  square 

inch. 

1 

50.2 
58.8 
63.0 
48.6 
46.7 

2 

3 

4 

5 

Mean 

53.4 

CTiarpy  tensile  test  on  unnotched  bars, — Diameter  of  bars  equal  U) 
diameter  at  bottom  of  notch. 


TRANSVERSE. 


Specimen. 

Foot-pounds 
absorbed  per 
squEire  inch. 

Elongation 
(per  cent). 

Contraction 

of  area 
(per  cent). 

1 

344.0 

^      127.0 

•        93.8 

138.0 

114.0 

1.5 
1.0 
1.0 
1.0 
LO 

2.2 
2.2 
2.3 
2.2 
2.2 

2 

8 

4 

5 

Mean ^ 

163.3 

1.1 

2.2 

MIcroeraph  No.  3739,  taken  at  500  diamati 
drawing  at  575>  C.  shows  a  very  fine  s 
outlines  ot  large  erains  are  visible.  71 
for  quenching  as  the  temperature  was  » 
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1.  The  static  tensile  Qualities  of  No.  14  are  very  similar  to  No.  13. 
The  former  has  a  sUghtly  lower  yield  point  and  tensile  strength  and 
higher  elongation  and  contraction  in  the  longitudinal  direction. 
Both  sets  of  transverse  specimens  were  marked  with  very  low  duc- 
tihty.  . 

2.  The  Charpy  notched  bar  transverse  tensile  test  gave  almost 
identical  results  on  the  two  screws. 

3.  The  results  of  the  Charpy  notched  bar  tensile  test  were  nearly 
alike  for  the  specimens  taken  in  a  longitudinal  direction,  and  for 
those  taken  in  the  transverse  direction  the  specimens  from  screw 
No.  14  gave  inferior  results,  approximately  50  per  cent  of  strength 
shown  by  the  specimens  from  screw  No.  13. 

4.  The  Charpy  tensile  specimens  without  notches  agreed  very 
closely  both  for  the  longitudinal  and  transverse  direction.  The 
Charpy  notched  bar  tensile  tests  for  screw  No.  14  taken  in  the  longi- 
tudinal direction  gave  a  mean  of  126  foot-pounds,  whereas  the  Charpy 
tensile  specimens  without  a  notch'  taken  in  the  transverse  direction 
gave  163.3.  Here  again  is  evidence  that  notching  the  longitudinal 
test  specimen  brings  mto  play  the  properties  exhibited  by  the  trans- 
verse unnotched  specimen. 

The  results  of  the  tests  on  the  two  screws  were  in  such  good  agree- 
ment and  as  they  apparently  suffered  from  the  same  defects.  No.  13 
only  was  selected  for  further  work. 

This  additional  investigation  consisted  in  heat  treating  a  section 
of  the  elevating  screw  from  carriage  No.  13  and  determining  its 
physical  properties  by  a  series  of  tests  similar  to  those  already  de- 
scribed. The  heat  treatment  consisted  in  heating  one  of  the  broken 
sections  of  screw  No.  13  about  2  feet  in  length  to  800°  C,  followed  by 
quenching  in  water.  After  quenching  in  water  the  piece  was  tem- 
pered 4  hours  at  575°  C.  One  half  of  this  section  was  cut  up  for  test 
and  the  remaining  piece  tempered  two  additional  hours  at  650°  C. 
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HATKBIAL. 


Screw  No.  13,  heated  to  800*^  C,  quenched  in  water,  and  drawn 
four  hours  at  STS*'. 

Static  tensile  test. — ^Top  row  shows  longitudinal  specimens  and 
bottom  row  shows  transverse  specimens. 


LONGITUDINAL. 


Specimen. 

Elastic  limit 
(pounds  i>er 
square  inch). 

Yield  point 
(pounds  per 
square  inch). 

TensOe 

stren^h 

(pounds  per 

square  inch). 

Elongation 
(per  cent). 

Contrac- 
tion of  area 
(per  cent). 

Brinell 

hardness 

No. 

1 

105,000 
105,000 
105,000 

110,000 
110,000 
109,000 

135,500 
136,500 
135,500 

19.0 
17.0 
18.5 

49.1 
49.1 
40.2 

285 
285 
209 

2 

3 

Mean 

105,000 

109,666 

135,833 

18.2 

48.1 

279 

TRANSVERSE. 


1 

100,000 
100,000 
100,000 

105,000 
104,000 
105,000 

3.5 
6.5 
9.0 

277 
277 
369 

2 

129,566  ' 
131,000 

13  3 
9.5 

3 

Mean 

100,000 

104,666 

130,250 

6.3 

7.6 

274 

MATERIAL. 


Screw  heated  to  800°  C,  quenched  in  water,  and  (kawn  four  hours 
at  575°  C. 

CJiarpy  tensile  test, — Top  row  shows  longitudinal  tests  and  bottom 
row  shows  transverse  tests. 


LONGITUDINAL. 


Specimen. 

Foot-pounds 
absorbed  per 
square  inch. 

Elongation 
(per  cent). 

Ck>ntraction 
(per  cent). 

1 

2,990 
3,670 
4,180 

16.0 
14.5 
16.5 

50.0 
54.5 
56.8 

2 

3 

Mean 

3,940 

15.6 

53.7 

TRANSVERSE. 


1 

1,480 
2,640 
1,140 

7.0 

10.5 

5.0 

9.0 

18.1 

6.8 

2 

.   3 

Mean 

1,750 

7.5 

11.3 
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MATEBIAL. 


Sdrow  heated  to  890°  C,  quenched  in  water,  and  drawn  four  hours 
at  575°  C. 

Charpy  notched  bar  transverse  test. 


LONGITUDINAL. 


Si>ecinien. 

Foot-pounds 
per  square 

1 

41.3 

27.8 
32.8 
41.4 

2 

3 

4 

Moan 

35.8 

• 

TRANSVERSE. 


1 

26.6 
25.5 
38  8 
26.6 

2...... 

3 

4 

Mean 

29.4 

Charpy  notched  hear  tensile  test. 

LONGITUDINAL. 


Specinien. 

Foot-pounds 
per  siuare 
.  Inch. 

1 

293 
233 
277 

2 

3..:-- - 

Mean 

269 

• 

TRANSVERSE. 


Specimen. 

Foot-pounds 

per  square 

inch. 

1 

66.2 

45.8 

162.0 

2 

3 

Mean 

91.3 

310S2'*— 18- 


■6 


64 


INVESTIGATIVB  TESTS. 


Summary  of  tests  on  elevating  screw  from  carriage  No.  IS  after  quenching  in  water  from. 

800^  U.  and  dravringfour  hours  at  575^  C, 


Nature  of  test. 

Description  of 
spedmen. 

Elastic 

limit 

(pounds 

per 
square 
inch). 

Yield 

point 

(pounds 

per 
square 
inch). 

Tensile 

strength 

(pounds 

per 
square 
inch). 

Elon- 
gation 
(per 
cent). 

Con- 
traction 
(per 
cent). 

Foot- 
pounds 

ab- 
sorbed 

per 

square 

inch. 

Static  tensile  (mean 

of  3  tests). 
Static  tensile  (mean 

of  3  tests). 
Charpy  notched  bar, 

transverse   test 

(mean  of  4  tests). 
Charpy  notched  bar, 

transverse   test 

(mean  of  4  tests)^ 
Charpy   tensile   test 

(mean  of  3  tests). 
Charpy   tensile  test 

(mean  of  3  tests). 
Charpy  notched  bar, 

tensile  test  (mean 

of  3  tests). 
Charpy  notched  bar, 

tensile  test  (mean 

of  3  tests). 

0.605  inch  diameter 
(longitudinal). 

0.505  inch  diameter 
(transverse). 

Bars  taken  in  longi- 
tudinal direction. 

Bars  taken  in  trans- 
verse direction. 

0.237  inch  diameter 
(longitudinal). 

0.237  inch  diameter 
(transverse). 

0.237  inch  diameter 
at  bottom  of  notch 
(longitudinal). 

0.237  inch  diameter 
at  bottom  of  notch 
(transverse). 

105,000 
100,000' 

109,666 
104,666 

135,833 
130,250 

18.2 
6.3 

48.1 
7.6 

35.8 

29.4 

3,940 

1,750 

269 

91.3 

15.6 
7.5 

53.7 
11.3 
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MATERIAL. 


Screw  heated  to  800°  C,  quenched  in  water,  drawn  4  hours  at 
575°  C.  and  2  additional  hours  at  650°  C. 

Static  test — ^Top  row  shows  specimens  taken  in  longitudinal 
direction.     Bottom  row  shows  transverse  specimens. 


LONGITUDINAL. 


Specimen  marks. 

Elastic  limit 
(potmds  per 
square  inch). 

Yield  point 
(pounds  per 
square  inch). 

Tensile 

strenii:th 

(pounds  per 

square  inch). 

Elongation 
(percent). 

Contrac- 

tloa(p«r 

cent). 

BrineU 

hardness 

No. 

1 

94,000 
93,000 
92,000 

98,000 
96,000 
95,000 

122,000 
120,500 
120,000 

20.0 
21.0 
21.0 

54.6 
54.6 
54.6 

255 
248 
248 

2 

3 

Mean 

93,000 

96,333 

120,833 

20.6 

54.6 

250 

TRANSVERSE. 


1 

90,000 
93,000 
93,000 

93,000 
95,000 
96,000 

113,500 
119,500 
120,500 

16.5 
16.0 
14.5 

34.0 
34.0 
34.0 

241 
241 
248 

2 

3 

Mean 

92,000 

94,666 

119,500 

15.6 

34.0 

243 

MATERIAL. 


Screw  heated  to  800  ^^  C.  and  quenched  in  water,  drawn  4  hours  at 
575^  C.  and  2  additional  hours  at  650°  C. 

Tensile  charpy  test. — ^Top  row  shows  longitudinal  specimens. 
Bottom  row  shows  transverse  specimens. ' 


LONOITUDJNAL. 


Specimen. 

Foot-pounds 

per  sQiiare 

inch. 

Elongation 
(per  cent). 

Contraction 
(per  cent). 

1 

4,140 
4,010 
3,760 

18.0 
18.0 
16.5 

56.8 
56.8 
59.0 

2 

3 

Mean 

3,960 

17.5 

57.5 

TRANSVERSE. 


1. 
2. 
3. 


Mean. 


3,730 
4,020 
3,810 

3,850 


16.0 
17.5 
16.0 

16.5 


40.9 
43.1 
40.9 

41.6 
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MATERIAL. 


Screw  quenched  in  water  from  800°  C.  and  drawn  4  hours  at  575^ 
C,  followed  "by  2  hours  at  650''  C. 


Charpy  notched  bar  transverse  test. 

LONGITUDINAL, 


Specimen. 

Foot-pounds 

per  square 

inch. 

1 

143 
126 
141 
153 

2 

3 

4 

Mean 

141 

TRANSVERSE. 


1 

29.1 
64.5 

73.8 
65.8 

2 

3 

4 

Mean . 

58.3 

Charpy  tensile  notched  bar  test, 

LONGITUDINAL. 


Specimen. 

• 

Foot-pounds 

per  square 

inch. 

1 

312 
391 
250 

2 • 

3 

Mean 

318 

TRANSVERSE. 


1 

187 
147 
161 

2 

3 

Mean 

165 

. 
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Comparison  of  transverse  static  tests  after  quenching  at  800®  C. 
in  water  and  tempering  at  575°  C.  and  650*^  C,  respectiv^y.  Bottom 
row  tempered  at  575°  C.     Top  row  tempered  at  650°  C. 


Mean  resulU. 


Specimen 


I    Drawn  at  STS"  C, 
!    Drawn  at  650*0, 


Elastic 

limit 

(pounds 

per  square 

men). 


100,000 
93,000 


Yield 

point 

(pounds 

p«r  square 

inch). 


104,666 
94,666 


Tensile 

strength 

(pounds 

persouare 

inch). 


130,250 
119,500 


Elonca* 

tion(per 

cent). 


6.8 
15.6 


Contrao- 
tionof 

area  (per 
cent). 


7.6 
34.0 


BrineU 
hardness 

No. 


274 
243 
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Comparison  of  transverse  Charpy  tensile  tests  after  quenching  at 
800°  C.  in  water  and  tempering  at  575°  C.  and  650°  C,  respectively. 
Bottom  row  tempered  at  575°  C,    Top  row  tempered  at  650°  C. 


Mean  results. 


Specimen 


Drawn  at  575'  C. 
Drawn  at  650"  C. 


Foot-pounds 

per  square 

inch. 


1,750 
3,850 


Elongation 
(per  cent). 


7.5 
16.5 


Contraetion 

of  area 
(per  cent). 


11.3 
41.6 


Summary  of  tests  on  elevating  screw  from  carriage  No.  IS  after  quenching  in  water  from 
800°  C.y  drawing  4  hours  at  575°  C.,  and  2  hours  at  660°  C. 


Nature  of  test. 

Descnption  of 
specimen. 

riaslic 

limit 

(pounds 

per 
square 
inch). 

Yield 
point  ■ 
(pounds 
per 

square 
inch). 

Tensfle 
slranjrth 
(foot- 
pounds 

per 
square 
inch). 

Flon- 

gation 

(per 

cent). 

• 

Con- 
traction 
(per 
cent). 

Foot- 
pounds 

ab- 
sorbed 

per 

.square 

inch. 

Static  tensile  (mean 
of  3  t«sts). 
Do 

0.505  inch  diameter 
(longitudinal). 

0.505  inch  diameter' 
(transverse). 

Bars  taken  in  longi- 
tudinal direction. 

Bars  taken  in  trans- 
verse direction. 

0.237  inch  diameter 
(lon^tudinal). 

.0.237  inch  diameter 
transverse 

93,000 
92,000 

96,333 
94,666 

120,833 
119.500 

20.6 
16.6 

54.6 
34.0 

141 

58.3 
3,960 

3,850 
318 

165 

Charpy  notched  bar 
transverse    test 
(mean  of  4  tests). 
Do 

Charpy    tensile    test 
(mean  of  3  tests). 
Do 

1 

. 

17.5 
15.5 

57.5 
41.6 

Charpv  notched  bar 
tensile  test  (mean  of 
3  tests). 
Do 

0.237  inch  diameter 
at  bottom  of  notch 
(longitudinal). 

0.237  inch  diameter 
at  bottom  of  notch 
(transverse). 

- 

On  the  f oUowir  g  page  the  results  of  the  tests  taken  in  a  lor.gitudinal 
direction  are  shown  graphically.  Values  obtained  for  any  particular 
test  are  represented  by  the  ordinates.  Three  series  of  tests  are  shown : 
(1)  Longitudinal  tests  on  screw  No.  13  as  received  from  service 
marked  O;  (2)  longitudinal  tests  on  screw  No.  13  after  re-treatment 
consisting  in  water  quenching  from  800°  C.  followed  by  tempering  at 
575°  C.  lor  4  hours,  marked  □;  (3)  longitudinal  tests  on  screw  No. 
13  after  re-treatment  consisting  of  water  quenching  from  800°  C. 
followed  by  tempering  at  575°  C.  for  4  hours  and  2  hours  at  650°  C, 
marked  ^. 

Under  present  methods  of  purchasing  material,  only  the  first  five 
determinations  can  be  specified,  namely,  elastic  Hmit  or  yield  point, 
tensile  strength,  elongation,  and  contraction.  Experience  indicates 
that  a  low  figure  for  tne  Charpy  notched  bar  transverse  test  indicates 
brittleness  under  suddenly  applied  stresses.  The  problem  thus 
resolves  itself  into  one  of  raising  the  ''Charpy  strength''  by  controlling 
one  or  aU  of  the  first  five  quaUties.  It  is  evident  from  the  graph  that 
lowering  the  elastic  Hmit  by  some  10,000  poimds  by  proper  tempering 
after  quenching  has  been  associated  with  a  great  increase  m  the 
* '  Charpy  strength. ' ' 
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To  summarize:  the  material  with  a  lower  elastic  limit,  lower  ten- 
sile strength,  slightly  higher  ductility,  and  lower  Brinell  hardness  has 
a  much  higher  shock  strength  as  determined  by  the  Charpy  notched 
bar  specimen,  either  tensile  or  transverse. 

These  slight  variations  in  the  ordinary  static  tensile  properties 
as  determined  on  longitudinal  specimens  do  not  properly  account 
for  the  great  differences  present  m  shock  strength  as  determined  by 
the  notched  specimens. 


Attention  is  invited  to  a  graph  similar  to  that  shown  on  page  76. 
The  results  of  a  similar  series  of  tests  are  shown  with  the  exception 
that  all  specimens  were  taken  at  right  angles  to  the  principal  axis  of 
the  screWj  or  in  other  words,  were  transverse  specimens.  An  inspec- 
tion of  this  graph  will  show  that  the  only  consistent  relation  between 
any  of  the  Cnarpy  tests  and  the  ordinary  static  properties  lies  between 
ductility  and  the  shock  strength.  Again  referring  to  the  tests  taken 
in  a  longitudinal  direction,  a  lower  elastic  limit  or  yield  point  seemed 
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to  bring  about  a  higher  shock  resistance.  It  seems  reasonable  to 
presume  that  this  relation  is  indirect  only.  A  lower  yield  point,  as 
determined  in  a  static  tensile  specimen,  if  brought  about  by  longer 
or  more  complete  tempering,  will  result  also  in  more  ductility  in  the 
transverse  direction.  It  is  the  ductility  in  the  transverse  direction 
which  seems  intimately  associated  with  the  shock  strength  in  the 
longitudinal  direction  if  any  change  of  section  is  encountered,  which 
is  the  case  in  the  threaded  elevating  screw. 


Ductility  is  essential  in  any  ^ven  direction  for  high  shock  strength. 
If  any  abrupt  change  of  section  is  encoimtered  in  a  specimen  the 
stresses  at  right  angles  to  the  plane  of  the  appUed  stress  are  apparently 
greatly  increased  if  the  rate  ol  application  oi  stress  is  rapid.  Attempte 
are  now  bein^  made  to  determine  the  critical  rate  of  stress  applica- 
tion which  brings  these  apparently  obscure  factors  into  play. 


IKVESTIQATION  TO  DETEEHINE  CAUSE  OF  FAILXTBE  OF 
BBOKEN  AXLE  AEH  FEOM  4.7-IHCH  HOWITZEE  CAEEIAGE, 
MODEL  1908  MI,  NO.  101. 

OBJECT. 

The  object  of  this  investigation  was  to  determine  the  cause  of 
failure  of  an  axle  arm  from  4.7-inch  howitzer  carriage,  Model 
1908,  Mi,  No.  101. 

material 

Fragments  of  the  broken  axle  arm  from  4.7-inch  howitzer,  Model 
1908,  Ml,'  No.  101,  were  received  at  this  arsenal  from  Rock  Island 
Arsenal.  The  iailure  of  this  arm  occinred  while  the  carriage  was 
being  hauled  back  to  the  shop  after  proof -firing.  It  is  stated  that 
the  failure  occurred  while  the  truck  was  proceeding  at  a  moderate 
rate  of  speed  and  while  crossing  a  railroad  grade  crossing. 

CONCLUSIONS. 

The  failure  of  this  axle  arm  was  due  to  its  very  low  resistance  to 
shock.  This  is  confirmed  by  the  Charpy  shock  tests  made  in  the 
laboratory  at  this  arsenal.  The  mean  Ciharpy  value  was  17.3  foot- 
pounds per  square  inch,  which  is  a  result  comparable  to  that  obtained 
upon  a  good  grade  of  gray  iron.  Static  tensile  tests  were  taken 
both  in  the  longitudinal  and  transverse  direction  of  this  forging. 
The  elastic  limit  of  the  test  taken  in  the  transverse  direction  is  ap- 
proximately 15,000  pounds  inferior  to  that  obtained  from  a  specimen 
taken  in  tne  longitudinal  direction.  The  tensile  strength  obtained 
from  the  transverse  specimens  was  approximately  30,000  pounds 
less  than  the  tensile  strength  of  the  longitudinal  specimens. 

The  ductiUty  of  the  transverse  specimens  was  approximately  zero. 
It  has  been  observed  that  in  a  number  of  other  cases  where  this  con- 
dition exists,  namely,  low  ductiUty  in  the  transverse  direction,  that 
the  Charpy  strength  is  very  low.  It  seems  entirely  possible  that  the 
lack  of  any  definite  relation  between  the  Charpy  test  and  the  tensile 
test  is  due  to  the  fact  that  the  results  from  tensile  specimens  taken  in 
the  longitudinal  direction  are  generally  considered.  The  question 
arises  as  to  whether  it  would  not  be  wise  to  specify  transverse  tests 
for  such  materials  as  are  subjected  to  shock,  and  which  involve 
abrupt  section  changes.  The  carbon  content  of  this  material  was 
0.76  per  cent. 

Experience  has  also  indicated  that  the  material  having  a  carbon 
content  of  this  amoimt  will  invariably  have  a  lower  Cnarpy  test 
than  a  material  of  lower  carbon  content.  As  it  is  not  at  all  necessary 
to  use  such  a  high-carbon  material  for  forged  steel  A,  some  means 
should  be  taken  to  prevent  its  use.  If  material  is  purchased  en- 
tirely on  physical  properties,  a  limiting  chemical  composition  can 
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not  be  prescribed,  but  the  introduction  of  a  shock  test  or  tensile  test 
in  the  transverse  direction  would  prevent  the  manufacturer  from 
using  such  a  composition. 

EXPERIMENTAL. 

,  The  examination  consisted  of  chemical,  physical  and  microscop- 
ical tests. 

PHYSICAL  TESTS. 

Four  static  tensile  specimens  were  taken,  three  in  the  trans  verse 
direction  and  marked,  respectively,  1,  2,  and  3,  and  one  in  the  longi- 
tudinal direction  marked  66.  The  results  are  tabulated  below.  The 
Brinell  hardness  was  taken  on  the  end  of  the  broken  tensile  specimen. 


Marks. 

Elastic  limit 
(pounds  per 
square  inch). 

Tensile 

strength 

(pounds  per 

square  inch). 

E^longation 
in  2  inches 
(percent). 

Contrac- 
tion 
(per  cent). 

BrineU 
•  hardness 
No. 

1 

45,000 
46,000 
42,000 
60,000 

62,500 
69,500 
61,500 
93,333 

1.5 

1.5 

1.0 

25.0 

1.8 

1.8 

1.8 

65.0 

179 
187 
183 
179 

2 

3 

66 

The  stress-strain  diagrams  of  these  four  specimens  are  shown  in 
the  following  graph.  It  is  to  be  noted  that  for  the  transverse  tensile 
specimens  the  elastic  limit  is  45,000  pounds  per  square  inch  for  speci- 
mens Nos.  1  and  2  and  42,000  pounds  for  specimen  No.  3,  and  for  the 
specimens  taken  in  the  longitudinal  direction  the  elastic  limit  was 
60,000  pounds  per  square  inch. 

It  is  to  be  further  noted  that  great  discrepancies  exist  between  the 
tensile  strength  of  the  tensile  specimens  taken  in  the  transverse 
direction  anci  the  tensile  specimens  taken  in  the  longitudinal  direc- 
tion. Furthermore,  the  tensile  specimens  taken  in  the  transverse 
direction  show  practically  no  ductilitv,  while  the  longitudinal  speci- 
men showed  very  good  elongation  an<i  contraction  and  passed  all  the 
requirements  of  forged  steel  A. 

CHARPY  TESTS. 

Four  notched-bar  transverse  Charpy  tests  were  taken.  These 
specimens  were  cut  out  in  the  longitudinal  direction  and  gave  the 
following  results : 


Foot-pounds  per 
square  inch. 


22.0 
16.1 
15.1 
16.1 

Mean..  17.3 
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The  Charpy  qualities  of  this  material,  as  previously  stated  in  the 
(ronclusions  of  this  report,  are  approximately  equal  to  those  which 
are  obtained  on  a  ^ood  srade  of  gray  iron.  If  tensile  specimens 
taken  in  the  longitudinal  ahection  only  had  been  tested,  no  apparent 
relation  would  have  existed  between  the  very  low  Charpy  strength 
and   the  static  properties,  namely,  elastic  limit,  tensile  strength. 


elongation,  and  contraction.  The  static  properties  obtained  from 
the  specimens  taken  in  the  transverse  direction  are  sufficient  in 
themselves  to  wan  ant  the  rejection  of  the  piece.  It  would  not  be 
fair  to  the  manufacturer,  however,  to  insist  upon  the  same  physical 
qualities  from  specimens  taken  in  the  transverse  direction  as  are 
now  being  required  for  specimens  taken  in  the  longitudinal  direction. 
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CHEMICAL  ANALYSIS. 


Chemical  analysis  from  the  sample  taken  from  the  broken  axle  arm 
gave  the  followmg  results: 


c. 

Mn. 

Si. 

S. 

P. 

Ni. 

Cr. 

Va. 

Percent. 
0.76 

Percent. 
0.45 

Percent. 
0.136 

Percent. 
0.034 

Percent. 
0.007 

Percent. 

Percent. 

Percent. 

This  composition,  upon  proper  treatment,  would  be  expected  to  give 
satisfactory  physical  properties  when  determined  in  tne  customary 
manner.  It  is  extiemely  doubtful,  however,  if  material  of  this 
carbon  content  will  give  as  satisfactory  results  on  tensile  specimens 
taken  in  the  transverse  direction  as  will  material  of  a  lower  carbon. 
All  the  evidence  so  far  obtained  upon  the  Charpy  machine  indicates 
that  the  carbon  content  has  a  decided  influence  on  the  resistance  to 
shock,  a  high  carbon  being  associated  with  low-shock  resistance. 
For  this  reason  a  material  of  this  carbon  content  should  be  avoided 
whenever  possible. 

MICROEXAMINATION. 

Two  photomicrographs  at  50  and  500  diameteis,  respectively,  arc 
shown  facing  this  page.  The  structure  is  almost  entu'ely  sorbitic, 
and  it  is  possible  that  tempering  at  a  higher  temperature  would  im- 
prove botn  the  ductiUty  in  the  specimens  taken  in  the  transverse 
direction  and  the  resistance  to  shock. 


NEW  COMPOSITION  OF  SHEAPNEL  BALLS. 

OBJECT. 

The  object  of  this  investigation  was  to  determine  whether  the 
bariunicalciumlead  alloy  was  a  suitable  substitute  for  the  antimony- 
lead  composition  now  being  used.  Information  was  requested  as 
to  the  degree  of  hardness  and  lack  of  brittleness  in  balls  made  from 
new  composition  with  similar  tests  on  lead-antimony  balls  for  pur- 
poses of  comparison. 

MATERIAL. 

The  .material  used  was  50  six-sided  shrapnel  balls  containing 
12.5  per  cent  antimony  and  50  spherical  balls  of  the  experimentsQ 
shrapnel  metal  manufactured  by  United  Lead  Co. 

METHOD   OF   INVESTIGATION. 

Chemical  and  microscopical  analyses  were  made  on  the  new 
composition  shrapnel  ball.  The  relative  hardness  of  the  two  materials 
was  determined  Dy  both  the  scleroscope  and  the  impact  test. 

CONCLUSIONS. 

The  average  scleroscope  reading  on  the  new  composition  shrapnel 
ball  was  9.5.  The  average  reading  on  the  six-sided  antimony-lead 
ball  was  5.6,  the  hardness  of  the  new  composition  being  about  70 
per  cent  greater.  The  results  of  the  impact  test  showed  that  the 
antimonyJead  ball  was  flattened  more  for  a  given  weight  and  drop 
than  the  new  composition  ball.  The  calcium-lead  b^  spalled  on 
very  badly  under  the  impact  test  and  gave  indications  of  the  exist- 
ence of  a  brittle  surface  coating. 

As  the  two  metals,  barium  and  calcium,  are  both  readily  oxidiz- 
able,  it  is  thought  that  the  oxidization  of  these  two  elements  maj 
lead  to  the  brittleness  in  the  surface  coating.  As  there  is  a  possi- 
bility that  this  brittleness  would  extend  throughout  the  ball  after 
a  lapse  of  sufficient  time,  it  would  not  seem  advisable  to  use  this 
alloy  for  shrapnel  balls  without  first  carrying  out  experiments  to 
determine  this  fact. 

EXPERIMENTAL. 

Scleroscope  test, — Several  of  the  balls  of  both  kinds  were  filed 
down  until  a  surface  was  obtained  on  which  the  scleroscope  hard- 
ness could  be  taken.  The  minimum  reading  on  the  bariumcalcium- 
lead  ball  was  9,  the  maximum  reading  10,  the  mean  value  of  a  number 
of  readings  being  9.5. 

The  minimum  value  of  the  readings  on  the  antimony  lead  ball 
was  5  and  the  maximum  6,  the  mean  value  of  a  number  of  readings 
being  5.6. 
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The  hardness  of  the  barium-calcium-lead  ball  was  70  per  cent 
greater  than  the  hardness  of  the  antimony-lead  ball. 

CHEMICAL   ANALYSIS. 

The  results  of  the  chemical  analysis  of  the  new  composition  alloy 
were  as  follows: 

Per  cent. 

Barium 0.23 

Calcium 28 

Iron Trace. 

Copper None. 

Lead,  by  difference 99. 49 

IMPACT   TESTS. 

For  the  impact  test  five  balls  of  each  kind  were  selected  for  each 
weight  and  drop.  The  instrument  employed  consisted  of  a  500- 
poimd  anvil.  Tne  falling  weight  was  10  poimds.  The  weight  was 
released  at  various  heighte  from  the  face  of  the  anvil  by  the  burning 
of  a  cord  supporting  me  weight.  The  heights  of  fall  selected  were 
12,  18,  24,  36,  48,  60,  90,  150,  and  210  inches. 

The  data  tables  inserted  show  the  diameter  of  the  ball  before 
impact,  the  diameter  after  impact,  height  of  fall,  reduction  of  diameter, 
and  per  cent  reduction  of  diameter.  The  results  obtained  by  this 
series  of  experiments  are  plotted  in  the  form  of  a  graph  on  page  82. 
rhe  ordinates  represent  the  reduction  of  diameter  of  the  baU  by  im- 
pact; the  abscissae  the  height  of  drop.  The  values  obtained  are  very 
consistent  and  show  that  the  reduction  of  diameter  of  the  new 
compositon  was  less  than  that  of  the  lead-antimony  ball.  From 
the  form  of  the  curve  it  is  to  be  noted  that  as  the  height  becomes 
great  and  the  per  cent  of  reduction  of  diameter  increases  the  two 
curves  approach  very  closely. 

Facing  page  82,  the  photographs  of  the  ball  after  impact  are 
shown.  Discussing  these  in  order,  it  is  to  be  noted  that  in  photo- 
graph No.  3485,  height  of  drop  12  inches,  the  new  lead  alloy  Degins 
to  show  the  tendency  of  the  surface  layer  to  crack  and  spall.  The 
antimony-lead  balls  were  but  slightly  cracked  in  one  or  two  instances 
by  this  same  impact. 

Photograph  No.  3486,  height  of  drop  18  inches,  the  spelling  of 
the  surface  layer  became  very  marked  in  the  new  lead  allov.  It 
is  to  be  noted  at  this  point  that  after  the  surf  ace.  layer  had.  been 
broken  oflf  the  alloy  imdemeath  was  very  bright  with  a  good  luster, 
but  after  standing  lor  a  few  minutes  it  very  rapidly  darkened  imtil 
it  became  almost  black  in  color,  resembling  the  outside  of  balls  as 
received. 

Photograph  No.  3487,  height  of  drop  24  inches,  the  antimony- 
lead  composition  ball  showed  the  first  serious  cracking  imdei 
this  impact.  The  new  lead  alloy  balls  behaved  the  same  as  imder 
the  18-mch  impact,  excepting  tnat  the  spalling  was  slightly  more 
marked. 

Photograph  No.  3488,  height  of  drop,  36  inches.  It  is  to  be 
noticed  m  this  photograph  that  the  new  lead  alloy  scaled  off  very 
badly.  Pieces  of  this  scale  attached  to  the  balls  is  to  be  noted 
in  the  photograph.     Under  the  new  lead  alloy  balls  in  this  photo- 
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graph  is  shown  another  new  lead  alloy  ball  which  was  subjected  to 
the  same  impact.  The  ball  just  refeired  to  was  immersed  in  nitric 
acid  until  the  dark  surface  layer  had  been  completely  dissolved.  It 
was  immediately  subjected  to  the  impact  test  after  removing  from 
the  acid  aud  very  little  scaling  occurrea.  This  would  point  to  the  con- 
clusion that  the  surface  layer  was  superficial  only  in  its  extent.  This 
is  not  consistent  with  the  fact  observed  that*  the  scale  which  was 
broken  from  these  balls  varied  in  thickness  from  one  thirty-second 
to  one  sixty-fourth  of  an  inch. 

Photograph  No.  3489,  height  of  drop,  48  inches.  The  new  lead 
alloy  balls  did  not  seem  to  scale  as  badly  as  under  the  lower  drop  of 
36  inches.  When  the  height  of  drop  was  raised  to  60  inches,  photo- 
graph No.  3490,  the  scaling  was,  nowever,  very  marked.  As  the 
height  of  drop  was  made  greater  than  60  inches,  photographs  Nos. 
3491,  3492,  and  3493,  respectively,  the  diflFerences  in  behavior  in  the 
two  compositions  was  not  so  well  defined. 

The  nature  of  barium  and  calcium  would  at  once  suggest  that  they 
would  readily  oxidize,  but  it  is  thought  that  this  action  would  be 
especially  marked  in  moist  air.  If  it  is  the  oxidizing  action  which 
makes  the  surface  of  the  new  composition  ball  brittle,  it  does  not 
seem  safe  to  assume  that  this  action  would  be  confined  to  the  surface 
layers.  The  surface  layer  might  form  a  protective  coating  which 
would  prevent  further  oxidation,  but  it  would  seem  very  probable 
that  such  would  not  be  the  case.  It  would  seem  advisable  that  a 
series  of  experiments  should  be  carried  out  on  this  alloy  after  it  had 
been  subjected  to  seriously  oxidizing  influences  by  hastening  the  oxi- 
dizing reaction  by  slight  increase  in  temperature,  maintaining  in  an 
oxygen  atmosphere,  etc.  It  is  thought  that  data  could  thus  be 
obtained  in  the  course  of  a  few  months  regarding  the  nature  of  the 
gradual  oxidation  of  the  alloy  if  such  a  condition  existed. 

MICROSCOPICAL. 

Microscopical  examination  of  the  lead-antimony  ball  showed  that 
the  composition  was  such  that  a  slight  excess  of  antimony  existed 
over  that  necessary  for  the  eutectic,  namely,  12.5  per  cent  antimony, 
87.5  per  cent  lead.^  Micrograph  No.  S494,  facing  page  77,  at  500 
diameters  shows  the  eutectic  with  crystals  of  excess  antimony. 

Micrograph  No.  3495,  facing  page  77,  showing  the  structure  of  the 
barium  calcium-lead  alloy,  has  one  point  of  interest.  The  broad, 
dark  boundary  lines  of  the  grain  would  suggest  an  inner  granular 
substance  of  some  sort. 

Micrograph  No.  3497,  facing  page  77,  shows  the  structure  of  the  alloy 
near  the  surface.  The  exceedingly  large  grain  as  compared  to  the 
grain  size  in  the  interior  of  the  ball  is  very  striking.  This  occurrence 
of  the  large  grain  near  the  surface  of  the  ball  may  assist  in  accounting 
for  the  brittleness  observed  at  this  point.  In  one  or  two  cases,  how- 
ever, small  grains  occurred  at  the  surfac3  of  the  ball  so  that  no  definite 
conclusions  could  be  drawn  concerning  the  coincidence  of  this  large 
grain  with  the  brittleness  observed.  It  is  thought,  however^  that 
the  artificial  aging  of  the  shrapnel  ball  will  materially  assist  in  the 
understanding  of  this  phenomenon  and  its  relation  to  grain  growth. 

I  Contermaim.    Teits,  Anorg.  Chem.,  1907,  Vol.  IV,  p.  419. 
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In  claims  made  by  the  manufacturers  it  is  stated  that — 

It  may  well  be  taken  for  granted  that  the  quality  of  brittlenees  is  not  present  in  tlie 
barium-calcium-lead  ball,  since  this  metal  is  composed  so  largely  of  lead,  which  does 
not  possess  brittleness.  Antimony,  on  the  other  hand,  being  such  an  important  part 
of  the  antimonial-lead  ball,  is  an  exceedingly  brittle  metal  and  must  lend  this  quality 
to  the  ball. 

The  scientific  justification  of  this  statement  is  not  clear. 

The  introduction  of  1  per  cent  of  an  element  in  any  alloy  may 
produce  serious  brittleness.  Furthermore,  the  introduction  of  12.5 
per  cent  of  a  brittle  metal  does  not  necessarily  imply  that  the  result- 
ing alloy  will  be  brittle. 


DENSITY  DETERMINATIONS. 


Density  determinations  were  made  on  both  the  old  and  the  new 
compositions  by  the  method  of  determining  the  loss  of  weight  in 
water. 


Specimen. 

Barium- 
caloium- 
lead  ball. 

Antimony- 
lead  ball. 

1 

n.l9 
n.22 
11.20 

10.51 
10.52 
10.61 

2 

3 

Mean 

11.20 

•10.61 

It  would  seem,  as  previously  pointed  out  in  the  conclusions  of  this 
report,  that  the  barium-calcium-lead  shrapnel  ball  might  become 
brittle  after  aging.  Should  this  occur  in  a  loaded  shrapnel  case  the 
results  would  certainly  not  be  satisfactory.  As  this  is  apparently 
the  only  difficulty  in  the  use  of  this  material  for  shrapnel  balls  whicn 
now  suggests  itself  to  the  laboratory,  it  is  thought  that  experiments 
previously  referred  to  should  be  first  carried  out  before  the  adoption 
of  this  material  as  a  substitute  for  the  antimon v-lead  ball. 

HEIGHT  OF  DROP,  48  INCHES. 
Six-sided  Balls. 


Specimen. 

Diameter  be- 
fore impact 
(inch). 

Diameter 

after  impact 

(inch). 

Reduction  of 

diameter  by 

impact(inch). 

Reduction  of 

diameter  by 

impact  (per 

cent). 

1 

0.495 
.495 
.497 
.498 
.503 

0.211 
.208 
.210 
.209 
.213 

0.284 
.287 
.287 
.289 
.290 

57.4 
58.0 
57.8 
57.9 
57.7 

2 

3 • 

4 

5 

Round  Balls. 


1 

0.501 
.492 
.504 
.498 
.500 

0.  246 
.250 
.250 
.250 
.251 

0.255 
.242 
.254 
.248 
.249 

60.9 
49.3 
50.5 
49.8 
49.8 

2 

3 

4 

5 

Falling  weight  =  10  pounds. 


INVESTIGATIVE  TESTS. 


79 


HEIGHT  OF  DROP.  36  INCHES. 
Six-sided  Balls. 


Speciinen. 

Diameter  be- 
fore impact 
(inch). 

Diameter 

after  impact 

(inch). 

Reduction  of 

diameter  by 

impact(inch). 

Reduction  of 

diameter  by 

Impact  (per 

cent). 

1 

0.505 
.500 
.496 
.499 
.495 

a255 
.250 
.249 
.247 

a2so 

.250 
.257 
.252 

49.5 
5a  0 
51.8 
50.5 

5ao 

2 

3 

4 

5 

.248                    .247 

Round  Balls. 


1 

0.495 
.500 
.495 
.496 
.497 

0.285 
.290 
.292 
.276 
.297 

1 

a  210 

.210 
.203 
.220 
.200 

42.5 
42.0 
4L0 
44.4 
40.3 

2 :...:.:^:. :::::::::;:::::: 

3 

4 

5 

Falling  weight  =  10  pounds. 


HEIGHT  OF  DROP,  24  INCHES. 
Six-sided  Balls. 


Specimen. 

Diameter  be- 
fore impact 
(inch). 

Diameter 

after  impact 

(inch). 

Reduction  of 

diameter  by 

impact  (inch). 

Reduction  of 

diameter  by 

impact  (per 

cent). 

1 

0.494 
.500 
.502 
.500 
.500 

0.297 
.298 
.300 
.300 
.296 

0.197 
.202 
.202 
.200 
.204 

39.8 
40.4 
40.3 
40.0 
40.4 

2 

3 

4 

5 

Black  Round  Baixs. 


1 

a500 

.495 
.497 
.496 
.500 

0.345 
.337 
.340 
.337 
.300 

0.155 

.158 

.157 

.159 

0) 

31.0 
32.0 
31.6 
32.0 

2 

3 

4 

5 

1  Error  in  test. 


Falling  weight  =  10  pounds. 


HEIGHT  OF  DROP,  18  INCHES. 
Six-sided  Balls. 


Specimen. 

Diameter  be- 
fore impact 
(inch). 

Diameter 

after  impact 

(inch). 

Reduction  of 

diameter  by 

impact(inch). 

Reduction  of 

diameter  by 

impact  (per 

cent). 

1 

0.500 
.498 
.495 
.495 
.500 

0.327 
.327 
.327 
.323 
.330 

0.173 
.171 
.168 
.172 
.170 

34.6 
34.3 
34.0 
34.8 
34.0 

2 

3 

4 

5 

Round  Balls. 


Falling  weight  =  10  pounds. 


0.497 

0.371 

0.126 

25.4 

.492 

.364 

.128 

26.0 

.496 

.366 

.130 

26.2 

.496 

.361 

.135 

27.2 

.495 

.371 

.124 

25.0 
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HEIGHT  OF  DROP,  12  INCHES. 
Antimony-lead  Ball. 


Specimen. 

Diameter  be- 
fore impact 
(inch). 

Diameter 

after  impact 

(inch). 

Reduction  of 

diameter  by 

impact(inch). 

Reduction  of 

diameter  by 

impact  (per 

cent). 

1 

0.498 
.499 
.498 
.498 
.500 

.365 
.365 
.369 
.363 

0.134 
.134 
.133 
.129 
.137 

26.8 
26.8 
26.6 
25.8 
27.4 

2 

3 

4 

5 

Babiuh-calcium-lead  Ball. 


1 

0.495 
.490 
.492 
.505 
.500 

0.397 
.384 
.395 
.405 
.400 

0.098 
.106 
.097 
.100 
.100 

19.8 
21.6 
19.7 
19.8 
20.0 

2 

3 

4 

5 

Falling  weight  =  10  pounds. 


HEIGHT  OF  DROP,  60  INCHES 
Six-sided  Balls. 


Specimen. 

Diameter  be- 
fore impact 
(inch). 

Diameter 

after  impact 

(inch). 

Reduction  of 

diameter  by 

impact(inch). 

Reduction  of 

diameter  by 

impact  (per 

cent). 

1 

0.507 
.504 
.494 
.495 
.505 

0.183 
.182 
.182 
.178 
.182 

0.324 
.322 
.312 
.317 
.323 

64.1 
63.8 
63.2 
64.1 
64.0 

2 

3 

4 

5 

Round  Balls. 


1 
2 
3 
4 
5 


0.500 
.510 
.496 
.502 
.499 


0.220 
.213 
.220 
.216 
.221 


0.280 
.297 
.276 
.286 
.278 


56.1 
58.2 
55.6 
57.2 
55.6 


Falling  weight  =  10  pounds. 


HEIGHT  OF  DROP,  90  INCHES. 
Six-sided  Balls. 


Specimen. 

Diameter  be- 
fore impact 
(inch). 

Diameter 

after  impact 

(inch). 

Reduction  of 

diameter  by 

impact(inch). 

1 

Reduction  of 

diameter  by 

impact  (per 

cent). 

1 

0.500 
.498 
.502 
.497 
.499 

0.135 
.132 
.133 
.132 
.132 

0.365 
.366 
.369 
.365 
.367 

73.0 
73.4 
73.5 
73.4 
73.5 

2 J 

3 

4 

5 

Round  Balls. 


1 

0.502 
.503 
.508 
.496 
.501 

0.164 
.149 
.157 
.167 
.157 

0.338 
.354 
.351 
.329 
.344 

67.4 
70.4 
69.0 
66.4 
68.7 

2 

3 

4 

5 

Falling  weight  =  10  pounds. 
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HEIGHT  OF  DROP^  150  INCHES. 
Six-sided  Balls. 


Specimen. 

Diameter  be- 
fore impact 
(inch). 

• 

Diameter 

after  impact 

(inch). 

Redaction  of 

diameter  by 

impact(ineh). 

Reduction  of 

diameter  by 

impact  (per 

cent). 

1 

0.499 
.498 
.499 
.498 
.500 

0.084 
.083 
.083 
.064 
.080 

0.415 
.415 
.416 
.414 
.420 

83.1 
83.2 
83.2 
83.0 
83.9 

2 

3 

4 

5 

1 

Round  Balls. 


1 

0.500 
.494 
.496 
.495 
.495 

0.096 
.  Iwv 
.103 
.098 
.098 

0.404 
.405 
.393 
.397 
.397 

80.8 
82.0 
79.3 
80.2 
80.2 

2 

3 

4 

5 

Falling  weight  =  10  pounds. 


HEIGHT  OF  DROP,  210  INCHES. 
Six-sided  Ball. 


1 

1 

Specimpn. 

Diameter  be- 
fore impact 
(inch). 

Diameter 

after  impact 

(inch). 

Reduction  of 

diameter  l)y 

impact(inch). 

Reduction  o/ 

diameter  by 

impact  (per 

cent). 

1 

0.495 
.497 
.500 

.  0.055 
.056 
.056 

0.440 
.441 
.444 

88.8. 
88.6 
88.0 

J    2 

I    3 

X 

Round  Balls. 


1 

0.505 
.496 
.499 

0.062 
.540 
.610 

0.443 

87.5 

2 

3 

.438 

* 

87.7 

Falling  weight  =  10  pounds. 
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EFFECT    OF   AGIBTG    OBT   BABITJM-CAICITJM-IEAD   ALLOT 

SHBAPBTEL  BALLS. 

OBJECT. 

The  object  of  this  investigation  was  to  determine  if  the  super- 
ficial brittleness  noted  in  the  tests  on  barium-calcium-lead  alloy 
shrapnel  balls  would  in  time,  under  service  conditions  of  storage, 
extend  throughout  the  body  of  the  ball. 

CONCLUSIONS. 

There  was  practically  no  difference  observed  between  the  be- 
havior of  the  balls  tested  and  reported,  and  those  exposed  to  labo- 
ratory conditions  for  8  months. 

The  balls  which  had  been  exposed  to  the  weather  for  134  days 
showed  little,  if  any,  difference  in  spaUing.  The  group  subjected 
to  impact  when  the  weight  fell  36  inches  was  spalled  more  severely 
than  the  balls  which  had  been  exposed  to  laboratory  conditions 
when  tested  under  the  same  conditions. 

Comparing  the  groups  subjected  to  the  hot  and  cold  water  treat- 
ment, it  was  noted  that  those  exposed  to  hot  water  spalled  more 
seriously  than  those  subjected  to  the  cold-water  treatment.  Both 
groups  gave  more  spalling  than  any  of  those  exposed  to  atmospheric 
conditions. 

The  balls  which  were  kept  in  the  drying  oven  at  110°  C,  for  23 
days,  showed  less  spaUing  than  any  of  the  other  lots  tested.  Deep 
surface  cracks  were  apparent  after  impact,  but  the  surface  skin 
did  not  fly  off.  These  balls  gave  a  greater  reduction  of  diameter 
under  impact  than  the  previous  groups  tested. 

The  balls  subjected  to  the  potassium  chlorate  and  potassium 
permanganate  solutions  showed  serious  brittleness  which  pene- 
trated very  deeply  into  the  body  of  the  ball. 

It  seems  evident  that  the  brittle  surface  layer  present  in  the 
calcium-barium-lead  composition  is  intimately  associated  with  the 
oxidation  of  the  calcium  and  barium.  The  results  obtained  in  these 
experiments  confirm  this  view  as  the  oxidizing  solutions  gave  a 
very  serious  brittleness. 

The  rate  of  penetration  of  this  oxidation,  with  its  consequent 
brittleness,  as  indicated  by  the  experiments,  is  probably  very  slow 
iinder  atmospheric  conditions.  Very  dilute  oxidizing  solutions  gave 
a  rapid  penetration  of  brittleness. 
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In  view  of  the  above  facts  it  would  seem  essential  that  some 
decided  reason  exist  for  the  change  from  the  lead-antimony  com- 
position to  the  calcimn-bariiim-lead  alloy  before  this  change  is 
made.  It  is  very  probable  that  the  new  composition  ball  would  not 
become  seriously  brittle  with  age  under  normal  storage  conditions, 
but  in  view  of  the  fact  that  this  alloy  is  apparently  not  in  a  com- 
pletely stable  condition,  its  adoption  would  not  seem  advisable 
unless  economic  or  other,  sufficient  reasons  so  warranted. 

MATERIAL. 

The  material  studied  consisted  of  approxinuately  300  barium- 
calcium-lead  alloy  shrapnel  balls  forwarded  from  Frankford  Arsenal. 

METHOD   OF   INVESTIGATION. 

Seven  lots  of  the  balls  were  exposed  to  various  oxidizing  and 
artificial  aginff  conditions  as  noted  below: 

(1)  Exposed  to  laboratory  conditions  for  8  months. 

(2)  Exposed  to  weather  on  roof  of  testing  laboratory  134  days. 

(3)  After  exposure  to  laboratory  conditions  for  7  months,  placed 
in  water  at  20°  C.  for  23  days. 

(4)  After  exposure  to  laboratory  conditions  for  7  months,  placed 
in  water  at  60°  C.  for  23  days. 

(5)  After  exposure  to  laboratory  conditions  for  7  months,  placed 
in  drying  oven  at  110°  C.  for  23  days. 

(6)  After  exposure  to  laboratory  conditions  for  7  months,  placed 
in  0.2  per  cent  solution  of  potassium  chlorate  for  23  days. 

(7)  After  exposure  to  laboratory  conditions  for  7  months,  placed 
in  0.2  per  cent  solution  of  potassium  permanganate  for  23  days. 

After  the  above  treatments,  the  various  balls  were  tested  under 
impact,  using  a  10-pound  weight  with  a  variable  height  of  drop. 

EXPERIMENTAL. 

After  the  balls  had  been  exposed  to  the  various  conditions  out- 
lined under  '^Method  of  investigation"  they  were  wiped  free  from 
any  adhering  particles  and  carefully  measured  before  testing.  After 
impact  their  tnickness  was  determined  and  the  per  cent  reduction  of 
diameter  computed  from  the  data  thus  obtained.  A  10-pound 
weight  was  used  throughout  the  experiments,  and  the  height  of  drop 
varied. 

The  following  table  summarizes  the  results  obtained.  It  is  to  be 
noted  from  this  table  that  the  greater  reduction  of  diameter  under 
any  particular  height  of  drop  is  associated  with  more  spalling  of  the 
outside   layers.     A   comparison    of   the   balls   subjected    to   dilute 

Sotassium  chlorate  solution  with  those  exposed  to  laboratory  con- 
itions  will  illustrate  this  point  when  considered  in  connection  with 
the  photograph  of  the  balls  of  the  series  under  discussion.  The  only 
exception  to  this  general  rule  were  the  balls  treated  at  110°  C. 

The  complete  data  tables  together  with  the  photographs  of  the  balls 
ofter  test  are  included  in  this  report.  No  detailed  discussion  of  these 
results  seems  necessary,  as  an  inspection  of  the  various  photographs 
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which  are  all  properly  labeled,  will  show  the  behavior  of  the  brittle 
layer  after  the  different  treatments. 

Reduction  of  diameter  after  impact. 


Balls  tested  August,  1916, 

Balls  stored  in  laboratory  8  months 

Balls  exposed  to  weather  134  davs 

Balls  in  cold  water  at  20'  C.  23  days. . . 

Balls  in  warm  water  at  60*  C.  23  days. 

Balls  in  drying  oven  at  110*  23  days 

Balls  in  ailute  potassium  chlorate 
solution  for  23  days 

Balls  in  dilute  potassium  permangan- 
ate solution  for  23  days 


Height  of  drop  (inches). 

12 

18 

24 

36 

48 

60 
Per 

90 

Per 

150 

210 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

cent. 

cent. 

cent. 

cent. 

cerU. 

cent. 

cent. 

cent. 

eerU. 

20.2 

25.9 

31.6 

42.0 

50.1 

56.5 

68.4 

80.5 

87.6 

19.5 

26.2 

32.6 

42.0 

52.5 

60.3 

73.1 

81.7 

87.6 

19.2 

26.3 

34.2 

41.8 

51.7 

57.5 

69.9 

82.4 

87.9 

20.2 

33.2 

45.3 

67.4 

73.4 

83.7 

20.4 

25.4 

47.1 

66.2 

77.0 

83.2 

31.7 

45.3 

56.2 

69.5 

79.0 

85.0 

34.6 

42.5 

51.0 

71.8 

79.0 

86.3 

35.9 

47.7 

64.0 

72.0 

84.9 

88.1 

Balls  exposed  to  laboratory  conditions  for  8  months. 

HEIGHT  OF  DROP,  12  INCHES. 


Specimen. 

Diameter  be- 
fore impact 
(inch). 

Diameter 

after  impact 

(inch). 

Reduction  of 
diameter  by 

impact 

(inch). 

Reduction  of 

diameter  by 

impact  (per 

cent). 

1 

0.500 
0.494 
0.497 
0.496 
0.493 

0.396 
0.405 
0.398 
0.395 
0.401 

0.104 
0.089 
0.099 
0.101 
0.092 

20.8 
18.0 
19.9 
20.4 
1&7 

2 

3 '. 

4 

5 

HEIGHT 

OF  DROP, 

18  INCHES. 

1 

0.493 
0.498 
0.493 
0.498 
0.504 

0.368 
0.373 
0.363 
0.363 
0.365 

0.125 
0.125 
0.130 
0.135 
0.139 

25.3 
25.1 
26.3 
27.1 
27.5 

i::::::::::::::::::::::::::::::::::::::: 

4 

5 

Falling  weight  =10  pounds. 
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Balls  exposed  to  laboratory  eondUUms  for  8  months — (Continued. 

HEIGHT  OF  DROP.  24  INCHES. 


Specimen. 

Diameter  be- 
fore impact 
(inch). 

Diameter 

after  impact 

(inch). 

Reduction  of 
diameter  by 

impact 

(inch). 

Reduction  of 

diameter  by 

impact  (per 

cent). 

1 

a  492 

a500 

0.487 
0.498 
0.496 

0.313 
a  339 
0.334 
0.346 
0.333 

0.179 
0.161 
0.153 
0.162 
0.163 

36.4 
32.3 
3L4 
3a5 
32.7 

2 

3 

4 

6 

HEIGHT  OF  DROP,  36  INCHES. 


1 

a  493 
0.499 
0.500 
0.497 
0.487 

0.297 
0.287 
0.270 
0.278 
0.299 

0.196 
a  212 
a230 
a  219 

a  188 

39.7 
41.6 
46.0 
44.0 
38.7 

2 

3 

4 

5 

Falling  weight  =  10  pounds. 
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Balls  exposed  to  laboratory  conditions  for  8  months — Continued. 

HEIGHT  OF  DROP,  48  INCHES. 


Specimen. 

Diameter  be- 
fore impact 
(inch). 

Diameter 

after  impact 

(inch). 

Reduction  of 
diameter  by 

impact 

(inch). 

Reduction  o: 

diameter  b^ 

impact  (per 

cent). 

1 

0.490 
0.494 
0.500 
0.488 
0.497 

0223 
0.224 
0.250 
0.234 
0.239 

0.267 
0.270 
0.250 
0.254 
0.258 

54.4 
54.6 
50l0 
58:0 
51.9 

2 

3 

47 

5 

HEIGHT  OF  DROP,  60  INCHES. 


1 

a  493 
0.493 
0.496 
0.485 
0.  494 

0.180 
0.178 
0.194 
0.210 
0.205 

PPPPP 

61.7 
63.9 
60.8 
66.7 
58.5 

2 

3 

4 

5 

Falling  weight  =  10  pounds. 
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Balls  exposed  to  laboratory  conditions  for  8  months — Continued. 

HEIGHT  OF  DROP,  90  INCHES. 


Specimen. 

Diameter  be- 
fore impact 
(inch). 

Diameter 

after  impact 

(inch). 

Reduction  of 
diameter  by 

impact 

(inch). 

Reduction  of 

diameter  by 

impact  (per 

cent). 

1 

PPPPP 

0.162 
a  157 
0.113 
0.000 
0.130 

a335 
a  331 
a384 
a308 
a370 

67.4 
67.8 
76ul 
8a2 
74.0 

• 

2..:: .:::::::..:..::.:..::..:....:.:::: 

3 

4 

5 

HEIGHT  OF  DROP,  150  INCHES. 


1 

0.497 
0.480 
0.496 
0.498 
0.491 

0.103 
0.075 
0.085 
0.092 
0.098 

a394 
0.414 
0.411 
0.406 
0.393 

79.2 
84.6 
83.0 
81.6 
80.2 

2 

3 

4 

5 

Fjilling  weight  =  10  pounds. 


INVESTIGATIVE  TESTS. 
Balls  exposed  to  laboratory  conditions  for  8  inonths — Continued. 

HEIGHT  OF  DROP,  210  INCHES. 
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Specimen. 

Diameter  be- 
fore impact 
(Inch). 

Diameter 

after  impact 

(inch). 

Reduction  of 
diameter  by 

impact 

(inch). 

Reduction  of 

diameter  by 

impact  (per 

cent). 

1 

a  493 
0.495 
0.493 
0.499 
a  494 

0.057 
0.062 
0.067 
0.075 
0.052 

0.436 
0.433 
0.426 
0.424 
0.442 

88.4 

88.0 
86.4 
85.8 
89.4 

2 

3 

4 

5      ..     

_, . . 1 

Falling  weight  =  10  pounds. 

31082—18 9 
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Balls  exposed  to  weather  on  roof  of  testing  laboratory  for  1S4  days, 

HEIGHT  OF  DROP,  12  INCHES. 


Spociinen. 

Diameter  be- 
fore impact 
(inch). 

Diameter 

after  impact 

(inch). 

Reduction  of 

diameter  by 

impact 

(inch). 

Reduction  of 

diameter  by 

impact  (per 

cent). 

1 

0.488 
0.496 
0.498 
0.501 
0.496 

0.385 
0.410 
0.402 
0.408 
0.399 

0.103 
0.068 
0.006 
0.093 
0.097 

2L1 
17.7 
19.3 
18.6 
19.6 

9 

3 

4 

5 

* 

HEIGHT  OF  DROP,  18  INCHES. 


1 •. 

0.495 
0.494 
0.493 
0.491 
0.495 

0.360 
0.365 
0  358 
0. 353 
a  370 

0.135 
0.129 
0.135 
0.138 
0.125 

27.0 
26.1 
27.4 
28.1 
25.2 

2 

3 

4 

5 

Falling  weight  =»  10  pounds. 
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Balls  exposed  to  weather  on  roof  of  testing  laboratory  for  1S4  days — Continued. 

HEIGHT  OF  DROP,  24  INCHES. 


Specimen. 

Diameter  be- 
fore impact 
(inch). 

Diameter 

after  impact 

(inch). 

Reduction  of 
diameter  by 
impact(inch). 

Reduction  of 

diameter  by 

impact  (per 

cent). 

1 

0.500 
.494 
.488 
.500 
.494 

0.316 
.338 
.305 
.332 
.338 

0.184 
.156 
.183 
.168 
.156 

36.8 
31.5 
37.5 
33.6 
31.6 

2 

3 

4 

5 -. 

HEIGHT  OF  DROP,  36  INCHES. 


1 

0.485 
.488 
.503 
.491 
.498 

0.282 
.287 
.291 
.287 
.287 

0.203 
.201 
.212 
.204 
.211 

41.8 
41.2 

2 

3 

42.1 

4 

41.6 

5 

42.6 

Falling  weight  =  10  pounds. 
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Balh  exposed  to  weather  on  roof  of  testing  laboratory  for  134  days — Continued. 

HEIGHT  OF  DROP,  48  INCHES. 


Specimen. 

Diameter  be- 
fore impact 
(inch). 

Diameter 

after  impact 

(inch). 

ReductiioEi  of 

diameter  by 

impact(inch). 

Reduction  of 
diameterby 
impact(per 
cent;. 

1 

0.501 
.489 
.495 
.491 
.496 

0.236 
.237 
.245 
.233 
.253 

0.265 
.252 
.250 
.258 
.243 

55.0 
51.6 
50.5 
52.5 
49.0 

2 

3 

4 i 

5 

HEIGHT  OF  DROP,  60  INCHES. 


1 

0.494 
.495 
.498 
.498 
.500 

0.208 
.201 
.215 
.216 
.213 

0.286 
.294 
.283 
.282 
.287 

57.5 
59.4 
56.8 
56.6 
57.4 

2 

3 

4 

5 

Falling  weight  =  10  pounds. 


INVESTIGATIVE  TBBT8. 


93 


Balls  exposed  to  weather  on  roof  of  testing  laboratory  for  134  days — Gontiiiued. 

HEIGHT  OF  DROP,  00  INCHES. 


Specimen. 

Diameter  be- 
fore impact 
(inch). 

Diameter 

after  impact 

(inch). 

Redaction  of    ^uam^t^i,- 

diameter  by    iSIrSStTnir 

impact(inch).  *'"^\{P'' 

1 

0.503 
.491 
.496 
.493 
.495 

0.150 
.147 
.143 
.160 
.142 

a  352 
.344 
.353 
.333 
.353 

70.0 
70.0 
71.2 
67.5 
71.2 

2 

3 

4 

5 

HEIGHT  OF  DROP,  150  INCHES. 


1 

0.497 
.498 
.493 
.496 
.500 

0.072 
.095 
.073 
.097 
.098 

0.425 
.403 
.420 
.399 
.402 

85.5 
80.9 
85.2 
80.3 
80.3 

2 •. 

3 

4 

5 

HEIGHT  OP  DROP,  210  INCHES. 


1 

0.500 
.475 
.490 
.488 
.495 

0.064 
.046 
.066 
.062' 
.057 

0.436 
.429 
.424 
.426 
.438 

87.2 
9a2 

86.5 
87.3 
88.5 

2 

3 

4 

5 

Falling  weight  =  10  pounds. 
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Balls  exposed  to  laboratory  conditions  for  7  months,  then  placed  in  water  at  20^  C,  for 

2S  days, 

HEIGHT  OF  DROP,  12  INCHES. 


Specimen. 

Diametw  be- 
fore impact 
(inch). 

Diameter 

after  impact 

(inch). 

Reduction  of 

diameter  by 

impact(inch). 

Reduction  of 

diameter  by 

impact  (per 

cent). 

1 

0.501 
.490 
.497 
.503 

0.408 
.392 
.383 
.406 

0.093 
.098 
.114 
.097 

18.6 
20.0 
22.9 
19.2 

2 

3 

4 

HEIGHT  OP  DROP,  24  INCHES. 


1 

0.501 
.501 
.498 
.498 

0.337 
.337 
.327 
.333 

0.164 
.164 
.171 
.165 

32.7 
32.7 
34.3 
33.2 

2 

3 „ 

4 

HEIGHT  OF  DROP,  36  INCHES. 


1 

0.497 
.495 
.494 
.480 

0.243 
.256 
.291 
.283 

0.254 
.239 
.203 
.197 

51.0 
48.3 
41.1 
41.0 

2 

3 

4 • 

Falling  weight  =  10  pounds. 
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BclUs  exposed  to  laboratory  conditions  for  7  months,  then  placed  in  water  at  20^  Cfor 

23  days — Continued. 

HEIGHT  OF  DROP,  60  INCHES. 


Specimen. 

Diameter  be- 
fore impact 
(inch). 

Diameter 

after  impact 

(inch). 

Reduction  of 
diameter  by 
impact  (inch). 

Reduction  of 

diameter  by 

impact  (per 

cent). 

1.. 

a  493 
.480 

1.500 
.503 

a  201 
.162 
.111 
.183 

a292 
.338 
.389 
.320 

69.2 
69.0 
77.8 
63.6 

2 

3 

4 

HEIGHT  OF  DROP,  90  INCHES. 


1 

a496 
.497 
.498 
.500 

0.123 
.152 
.108 
.146 

0.373 
.346 
.390 
.354 

75.2 
09.3 
78.3 
70.8 

2 

3 

4 

1 

HEIGHT  OF  DROP,  160  INCHES. 


1 

0.489 
.500 
.490 
.502 

aoeo 

.095 
.076 
.061 

0.400 
.405 
.414 
.441 

81.7 
81.0 
84.4 
87.9 

2 

3 

4 

31082—18 10 
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Balh  exposed  to  laboratory  conditions  for  7  monthSf  (hen  placed  in  water  at  60°  C.  for 

23  days, 

HEIGHT  OF  DROP,  12  INCHES. 


Specimen. 

Diameter  be- 
fore impact 
(Inch). 

Diameter 

after  impact 

(inch). 

Reduction  of 

diameter  by 

impact  (inch). 

Reduction  of 

diameter  by 

impact  (per 

cent). 

1 

0.494 
.498 
.502 
.496 

a399 
.406 
.393 
.384 

a095 
.092 
.109 
.112 

19.2 
18.4 
21.7 
22.5 

2 

3 : 

4 

HEIGHT  OF  DROP,  24  INCHES. 


1 

0.505 
.493 
.498 
.495 

0.330 
.321 
.315 
.318 

0.175 
.172 
.183 
.177 

34.6 
34.8 
36.7 
35w7 

2 

3 

4 

HEIGHT  OF  DROP,  36  INCHES. 


1 

0.490 
.493 
.492 
.502 

0.236 
.290 
.261 
.258 

0.254 
.203 
.231 
.244 

51.8 
41.1 
46.9 
48.6 

2 

3 

4 

f 
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BaUs  exposed  to  laboratory  conditions  for  7  morUhSf  then  placed  in  water  at  60^  C  for 

2S  days — Goiitinued. 

HBIOHT  OF  DROP,  60  INCHES. 


Specimen.      * 

• 

Diameter  be- 
fore impact 
(inch). 

Diameter 

after  impact 

(inohj: 

Redaction  of 

diameter  by 

impact  (inch). 

Reduction  of 

diameter  by 

impact  (per 

cent). 

1 

asoo 

.405 
.507 
.505 

a  194 
.173 
.118 
.190 

0.306 
.322 
.389 
.315 

61.2 
65.0 
76.5 
62.3 

2 

3 

4 

HBIOHT  OF  DROP,  90  INCHES. 


1 

0.502 
.506 
t504 
.496 

0.117 
.144 
.130 
.060 

a385 
.362 
.374 

.427 

76.6 
71.5 
74.2 
86.0 

2 

3 .' 

4 

HEIGHT  OF  DROP,  150  INCHES. 


1 

a488 
.491 
.490 
.492 

0.077 
.076 
.086 
.000 

a  411 
.415 
.404 
.402 

84.2 
84.5 
82.4 
81.7 

2 

3 

4 
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Balh  exposed  to  labomtory  conditions  for  7  months,  then  placed  in  dryivig  oven  fU  110^  C 

for  2S  days, 

HEIGHT  OF  DROP,  12  INCHES. 


Spedmfiii. 

Diameter  be- 
fore impact 
(inch). 

Diameter 

after  impact 

(inch). 

Reduction  of 
impact  (inch). 

• 

Reduction  of 

diameter  by 

impact  (per 

cent). 

1 

0.494 
.500 
.497 
.507 

a333 
.345 
.337 
.360 

0.161 
.155 
.160 
.167 

32.0 
31.0 
32.2 
31.0 

2 

3 

4 

HEIGHT  OF  DROP,  24  INCHES. 


1 

r      0.492 

.503 

•  .511 

.493 

0.268 
.265 
.272 
.270 

0.224 
.238 
.239 
.223 

42.1 
47.3 
46.8 
45.2 

2 

3 

4 

HEIGHT  OF  DROP,  36  INCHES. 


1 

0.490 
.490 
.494 
.493 

0.217 
.213 
.215 
.216 

0.273 
.277 
.279 
.277 

56.7 
56.5 
56.4 
56.1 

2 

3 

4. 
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Balls  exposed  to  laboratory  conditions  for  7  months,  then  placed  in  drying  oven  at  110^  C. 

for  iS  days — Gontmued. 

HEIGHT  OF  DROP,  60  INCHES. 


Specimen. 

Diameter  be- 
fore impact 
(inch). 

Diameter 

after  impact 

(inch). 

Reduction  of 

diameter  by 

impaot(inch). 

• 

Reduction  of 

diameter  by 

impact  (per 

cent). 

1 

a504 
.500 
.491 
.494 

0.154 
.150 
.149 
.150 

a350 
.350 
.342 
.344 

60.4 
70.0 
60.2 
60.5 

2 

3 

4 : 

HEIGHT  OF  DROP,  00  INCHES. 


1 

a50o 

.503 
.401 
.502 

0.104 
.100 
.110 
.105 

a306 
.304 
.381 
.307 

70.2 
78.3 
70.4 
70.1 

2 

3 

4 J 

HEIGHT  OF  DROP,  150  INCHES. 


1 

a  403 
.494 
.405 
.402 

0.072 
.072 
.075 
.071 

a  421 
.422 
.420 
.421 

85.0 
84.8 
84.0 
85.4 

2 

3 

4 

100 
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Balls  exposed  to  laboratory  conditions  for  7  months,  then  placed  in  0.2  per  cent  solution  of 

potassium  chlorate  for  2S  days. 

HEIGHT  OF  DROP,  12  INCHES. 


Specimen. 

* 

Diameter  be- 
fore impact 
(inch). 

Diameter 

after  impact 

(inch). 

Reduction  of 

diameter  by 

impact(inch). 

Reduction  of 

diameter  by 

impact  (per 

cent). 

1 

0.497 
.496 
.494 
.508 

10.326 

1.249 

1.350 

.381 

0.171 
.247 
.144 
.127 

34.4 
49.9 
29.1 
25.0 

2 

3 

4 

HEIGHT  OF  DROP,  24  INCHES. 


1 

0.500 
.496 
.494 
.493 

0.308 
.222 
.300 
.317 

0.194 
,274 
.194 
.178 

38.8 
55.2 
39.5 
36.4 

2 

3 

4 

HEIGHT  OF  DROP,  38  INCHES. 


1 

0.492 
.493 
.499 
.494 

0.297 
.222 
.193 
.257 

a  195 
.271 
.306 
.237 

39.7 
55.0 
61.3 
48.0 

2 

3 

4 

Shattered  badly. 
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BaUs  exposed  io  laboratory  conditions  for  7  months,  then  placed  in  0.t  per  cent  solution  of 

potassium  ehlomtefor  tS  days — Gontinued. 

HEIGHT  OP  DROP,  60  INCHES. 


Speciznen. 

DlaoMter  be- 
fore impact 
(tnnh). 

Diameter 

after  impact 

(Inch  J; 

Redaction  ol 
diameter  by 
tmpact(inch). 

Rednotionof 
diameter  by 

impaot  (per 
cent). 

1 , 

a5Q8 
.501 
.495 
.484 

alio 

.158 
.117 
.176 

aao3 

.343 
.378 
.318 

7&1 
68L4 
76^4 
64.4 

2 

3 

4 ^ 

HEIGHT  OF  DROP,  90  INCHES. 


1 

a50i 

.498 
.482 
.497 

a  100 
.085 
.114 
.117 

a  401 
.415 
.368 
.380 

8ao 

83.2 
76^4 
76.4 

2 

3 

4 

HEIGHT  OF  DRCiP,  150  INCHES. 


1 

a498 
.488 
.495 
.498 

a065 
.068 
.070 
.068 

a433 
.420 
.425 
.430 

87.0 
86.0 
85.9 
86.3 

2 

'i 

4 
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Balh  exposed  to  laboratory  conditions  for  7  months,  then  placed  in  0,2  per  cent  solution  of 

potassium  permanganate  for  2S  days, 

HEIGHT  OF  DROP,  12  INCHES. 


Speotmen. 


■r    ■«         I  ■ 


1 
2 
3 
4 


Diameter  be- 
fore impact 
(inch). 


0.496 
.504 
.495 
.494 


Diameter 

after  impact 

(inch). 


0.372 
,190 
.328 
.377 


Reduction  of 

diameter  by 

impact(inch). 


HEIGHT  OF  DROP,  24  INCHES. 


HEIGHT  OF  DROP,  36  INCHES. 


0.124 
.314 
.167 
.117 


Redaction  of 

diameter  by 

impact  (per 

cent). 


25.0 
61.1 
33.7 
23.6 


• 
1 

0.493 
.499 
.491 
.495 

.  .  .  P 

0.207 
.218 
.264 
.260 

41.0 
43.7 
53.7 
52.5 

2 

3 

4 

1 

0.495 
.505 
.493 
.494 

0.178 
.141 
.220 
.168 

0.317 
.364 
.273 
.326 

64.0 
72.0 
65.3 
66.0 

2 

3 

4 
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Balls  exposed  to  laboratory  co^iditions  for  7  months,  then  placed  in  O.t  per  cent  solution 

of  potassium  permanganate  for  iS  days — ^Continued. 

HEIGHT  OF  DROP,  60  INCHES. 


SpeclmfiD. 

Diameter  be- 
fore impact 
(inoh). 

Diameter 

after  impact 

(Inch). 

Reduction  of 
diameter  by 
{mpact(inch). 

Reduction  of 
diameter  by 

Impact  (per 
cent). 

1 

a505 
.500 
.402 
.505 

a  136 
.097 
.139 
.087 

'    0.360 
.408 
.253 
.418 

73.0 

sao 

51.5 
82.8 

2 

3 

4 

• 

HEIGHT  OF  DROP,  90  INCHES. 


1 

a406 
.506 
.504 
.503 

0.100 
.060 
.078 
.065 

a396 
.448 
.426 
.438 

79.8 
88.2 
84.4 
87.0 

2 

3 

4 

HEIGHT  OF  DROP,  150  INCHES, 


1 

0.495 
.493 
.503 
.500 

0.058 
.060 
.061 
.057 

a  437 
.433 
.442 
.443 

88.3 
87.7 
87.7 
88.6 

2 

3 

4 

USANnTH  STEEL. 

4 

OBJECT. 


The  object  of  this  mvestigation  was  to  study  the  properties  of 
uranium  steel  in  which  uranium  was  the  special  alloying  element. 


MATERIAL. 


The  steel  used  was  furnished  by  a  private  concern,  and  was  sup- 
plied in  the  form  of  three  bars,  each  5  inches  by  If  inches  by  IJ  inches. 

coi^CLusroNs. 

The  presence  of  approximately  0.50  per  cent  of  uranimn  has 
apparently  Uttle  effect  upon  the  location  of  the  critical  point,  and 
although  the  physical  tests  taken  from  this  material  in  the  forged 
and  treated  states  were  very  good,  no  remarkable  physical  proper- 
ties were  exhibited.  The  Charpy  qualities  were  very  low  both  in 
the  forged  and  treated  condition. 

EXPERIMENTAL. 

The  chemical  analysis  of  this  material  was  as  follows : 

Per  cent. 

Carbon 0. 64 

Manganese 30 

Silicon 207 

Sulphur Trace. 

Phosphorus 016 

Uranium .52 

Critical  point  determinations  were  made  on  this  material  and  the 

¥oint  on  heating  was  located  at  770°  C.  and  on  cooling  at  700°  C. 
he  heating  and  cooling  curves  are  shown  on  the  graph,  page  106. 
Two  of  the  bars  were  selected  for  heat  treatment,  and  800°  C.  was 
chosen  as  the  quenching  temperature,  the  bars  being  held  at  this 
temperature  30  minutes  before  being  quenched  in  ou.  One  of  the 
bars  was  drawn  30  minutes  at  400°  C.,  and  the  other  30  minutes  at 
600°  C.  One  tensile  and  two  Charpy  tests  were  taken  from  each  of 
the  bars.    The  results  of  the  physical  tests  are  tabulated  below. 


Marks. 

Yield 

point 

(pounds 

per 
square 
inch). 

Tensile 
stren^ 
(pounds 

per 
square 
inch). 

Elonga- 
tion 
(per 

cent). 

Contrac- 
tion 
(per 
cent). 

Brinell 
hard- 
ness. 

Charpy 
test 
(foot- 
pounds 

per 
square 
inch). 

Treatment. 

17-1 
17-3 

17-2 

64,000 
97,000 

81,000 

124,500 
149,000 

131,500 

12.0 
16. 0 

18.5 

20.5 
49.1 

46.2 

241 
311 

262 

13.2 
28.3 

25.3 

As  received. 

Quenched  at  800*  C,  drawn  at 

400*  C. 
Quenched  at  800*  C,  drawn  at 

600*  C. 
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The  stress-strain  diagrams  are  shown  on  the  graph  on  page  107. 

The  results  of  the  physical  tests  show  nothing  abnormal  and  are 
closely  comparable  to  a  straight  carbon  steel  of  approximately  the 
same  composition  after  the  same  treatment.  The  Charpy  results 
obtained  were  very  low  and  there  is  no  apparent  reason,  judging 
from  the  elongation  and  contraction  given  m  the  tensile  tests,  why 
this  should  be  so.  The  brittleness  observed  in  this  material  may  not 
be  due  to  the  presence  of  uraniimi,  but  as  this  is  the  only  special 
alloying  element,  the  inference  would  be  that  uraniiun  was  far  from 
being  beneficial. 

As  the  idea  has  been  advanced  that  uranium  would  be  a  desirable 
afloying  element  for  the  prevention  of  erosion  in  guns,  the  fact  that 
the  uraniiun  steel  exammed  has  a  very  low  Charpy  impact  figure 
would  certainly  detract  from  its  usefulness  in  gun  construction,  even 
though  its  resistance  to  erosion  might  be  great.  For  purposes  of 
comparison  it  can  be  stated  that  a  plain  carbon  steel  with  approx- 
imately the  same  composition  as  the  uranium  steel  examined  would 
give  a  shock  test  after  quenching  and  drawing  at  400°  C.  of  at  least 
100  foot-pounds  per  square  inch. 

Micrographs  Nos.  3556  and  3557,  at  50  and  500  X  respectively, 
represent  the  structure  of  the  steel  as  received,  presumably  in  the 
forged  and  unannealed  condition. 

Micrograph  No.  3557,  at  500  X,  shows  poorly  defined  pearUte  inter- 
mingled with  sorbite. 

Aficrographs  Nos.  3562  and  3563,  at  50  and  500  X  rexpectively, 
show  the  structure  after  heating  to  1,000°  C,  followed  by  slow  cool- 
ing in  the  furnace.  The  structure  is  distinctly  pearUtic  and  the  low 
power  micrograph.  No  3562,  shows  a  decided  tendency  for  this  steel 
to  assmne  a  banded  structure.  It  may  be  possible  that  the  low 
Charpy  tests  obtained  were  due  to  this  phenomenon,  although  it  is 
not  apparent  in  the  microstructures  of  the  quenched  and  drawn 
samples. 

Micrographs  Nos.  3560  and  3561,  at  50  and  500  X  respectively, 
show  the  structure  after  quenching  from  800°  C.  and  drawing  at 
400°  C.  The  structure  is  very  fine  and  the  high  power  micro^aph. 
No.  3561,  shows  troostite  and  sorbite  with  very  uttle  free  ferrite. 

Micrographs  Nos.  3558  and  3559,  at  50  and  500  X  respectively, 
show  the  structure  of  the  steel  after  quenching  at  800°  C.  and  draw- 
ing at  600°  C.  Small  areas  of  free  ferrite  are  also  evident  in  this 
structure. 
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50  X.     STRUCTURE  OF  STEBL  AS  RECEIVED. 


MICROGRAPH   NO,  3557.     500  X,     STRUCTURE  OF  STEEL  AS  RECEIVED. 
107-2 


MICROGRAPH  NO.  3556.     50  X.     QUENCHED  AT  800"  C.  AND  DRAWN  AT  600°  C. 
IOT-3 


MICROGRAPH   NO.  3559.     500  X.     QUENCHED  AT  flOO'  C.  AND   DRAWN  AT  600*  C. 


MICROGRAPH  NO.  3560.     50  X.     QUENCHED  FROM  800*  C.  t 
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MICROGRAPH  NO.  3561.     500  X.     QUENCHED  FROM  800'  C.  AND  DRAWN  AT  400°  C. 
107-e 


MICROGRAPH  NO.  3 
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EXAHIVATIOV  OF  BBOKEV  BOLT  HEAD. 

OBJECT.  ^ 

The  object  of  this  investigation  was  to  determine  the  nature  of  the 
metal  used  in  the  construction  of  a  IJ-inch  tap  bolt  for  6-inch  disap- 
pearing carriage,  Model  1905  mll,  No.  22.  The  head  of  this  bolt  was 
twisted  oil  while  assembling  the  left  chassis  to  the  racer. 

CONCLUSIONS. 

The  failure  in  question  was  due  to  poor  material;  excessive  segre- 
gation was  present  and  the  phosphorus  and  sulphur  contents  both 
were  high. 

EXPERIMENTAL. 

An  inspection  of  the  records  shows  that  the  material  was  issued 
from  an  accumulation  of  stock  obtained  prior  to  the  adoption  of 
present  methods  and  specifications  now  followed  in  securing  machin- 
ery steel  and  bolt  stock. 

A  section  was  taken  vertically  through  the  bolthead  for  micro- 
examination.  This  specimen  was  etched  with  Stead's  reagent  with 
most  interesting  results.  The  outside  portions  of  the  bolt  were  cov- 
ered with  a  thick  deposit  of  copper  and  the  interior  showed  many 
folds.  The  following  photograph  at  approximately  2i  diameters 
clearly  illustrates  the  conditions  present. 

FRACTURE. 

A  layer  appearing  white  in  the  photograph  is  the  outside  of  the 
bolthead  on  which  the  copper  was  deposited  with  great  rapidity. 
This  layer  thinned  out  on  the  top  of  the  head  as  shown  above.    These 
conditions  were  present  also  on  the  other  half  of  the  bolt  which  was . 
subsequently  cut  up  for  chemical  analysis. 

A  micrograph  at  500  diameters,  No.  3619,  was  taken  on  the  band 
at  the  edge  of  the  specimen  after  repolishing  and  etching  with  nitric 
acid.  The  structure  shows  almost  pure  ferrite,  with  very  few 
inclusions. 
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The  interior  structure  is  shown  in  micrograph  No.  3620,  at  500 
diameters.  Small  areas  of  sorbite  are  present  and  also  many  inclu- 
sions which  occur  both  in  the  grains  and  at  the  junction  lines. 
Both  modes  oi  occurrence  are  clearly  shown  in  the  micrograph 
(No.  3620). 

Micrograph  No.  3618  at  50  diameters  illustrates  the  structure  at 
the  junction  of  the  outside  and  inside  layers.  The  outside  layer  is 
practically  free  of  carbon  and  inclusions,  whereas  the  interior  con- 
tains many  inclusions  and  small  sorbite  areas. 

An  inspection  of  the  sample  also  showed  many  small  checks 
and  cracl^  in  the  vicinity  of  the  fracture.  Some  of  these  appearing 
as  dark  lines  are  evident  in  photograph  No.  3624,  page  108. 

As  the  microscopic  examination  revealed  on  the  outside  of  the 
bolthead  a  band  which  had  a  different  composition  from  the  in- 
terior, two  chemical  samples  were  taken,  one  being  milled  off  the 
outside  to  a  depth  of  one-eighth  inch  and  the  second  from  the 
interior  of  the  specimen.    The  results  were  as  follows: — 


Inside.. 
Outside. 


c. 

Mn. 

Si. 

S. 

P. 

0.102 
.086 

0.30 

0.0066 

0.090 
.048 

0.131 
.074 

. 

The  outside  sample  was  lower  in  carbon,  phosphorus,  and  sulphur 
than  the  inside  sample,  and  furthermore,  the  difference  was  probably 
greater  than  is  apparent  from  the  analysis,  as  the  carbon,  by  micro- 
examination,  was  nearly  zero  in  the  outside  layer,  whereas  the 
chemical  analysis  shows  0.086  per  cent.  The  natural  inference 
would  be  that  in  milling  off  the  outside  sample  the  cut  extended 
through  this  layer  into  the  interior.  Eegardless  of  this,  a  decided 
difference  was  shown  between  the  outside  and  inside  samples,  and 
the  usefulness  of  Stead^s  reagent  in  showing  segregation  was  cer- 
tainly established  in  this  case. 

It  is  interesting  to  note  in  conclusion,  that  the  outside  layer, 
which  was  low  in  carbon,  phosphorus,  and  sulphur,  extended  over 
a  portion  of  the  top  of  the  bolt  in  such  a  manner  that  one  is  led 
to  conclude  that  the  original  bar  from  which  the  bolts  were  made 
was  itself  surrounded  with  a  layer  different  in  composition  from 
the  interior.  This  condition  can  be  traced  back  to  the  original 
ingot  in  which  an  insufficient  crop  would  have  left  a  portion  con- 
taining a  segregated  center  surrounded  bv  relatively  pure  and 
clean  metal.  The  operations  of  rolhng  would  have  resulted  in  the 
conditions  observed  above. 

As  to  the  direct  cause  of  failure  of  the  bolt  in  question,  ample 
cause  exists.  In  forming  the  head  in  the  bolt  machine,  incipient 
cracks  may  have  been  formed,  due  to  red  shortness  caused  by  high 
sulphur  and  low  manganese.  The  appearance  of  the  poUshed 
vertical  section  woidd  indicate  that  this  was  at  least  a  contributary 
cause. 

The  phosphorus  content  is  in  itseU  sufficiently  high  to  give 
rise  to  cold  shortness,  or  in  other  words,  brittleness  at  ordmary 
temperatures. 


EXAMIVATIOV  OF  PISTOL  BABBEL  WSICH  BUBST  IN  SEBVICE. 

This  barrel,  on  receipt  at  this  arsenal,  showed  a  very  coarse  frac- 
ture. The  portion  of  the  barrel  examined  was  approximately  4 
inches  long,  the  fracture  extending  throughout  its  length. 

CONCLUSIONS. 

The  structure  found  on  microscopical  examination  was  very  coarsC; 
and  as  considerable  pearlite  was  present,  it  must  be  concluded  that 
the  material  had  cooled  slowly  from  a  relatively  high  temperature 
without  being  subjected  to  mechanical  work. 

The  longitudinal  specimen  also  shows  a  tendency  to  be  streaked, 
but  the  amount  of  slag  or  other  inclusions  present  was  very  small. 
If  this  barrel  had  received  no  treatment  subsequent  to  the  forging 
operation,  it  would  be  inferred  that  the  material  had  been  heated 
to  too  high  a  temperature  for  forging,  and  consequently  th^  finishing 
temperature  was  also  too  high.  As  a  result,  the  coarse-grained 
structure  was  developed  by  cooling  undisturbed  from  a  temperature 
considerably  above  the  critical  range. 

Although  the  relation  between  the  resistance  to  shock  and  grain 
size  in  a  pearUtic  steel  can  not  be  stated  definitely  at  this  time,  data 
has  been  obtained  on  the  Charpy  impact  machine  which  indicates 
that  a  large-grained  pearhtic  steel  has  much  less  resistance  to  shock 
than  a  smaU-grained  pearhtic  steel,  whereas  the  hardness  as  de- 
termined either  by  the  Brinell  or  scleroscope  test  might  be  identical. 
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EXAMIVATIOir  OF  CEMEITTED  WISE  HAIL. 

OBJECT. 

The  object  of  this  investigation  was  to  determine  the  merits  of  the 
process  oi  converting  low-grade  iron  into  high-grade  steel.  It  was 
claimed  by  the  inventor  of  this  process  that  a  newly  invented  or 
discovered  process  was.  being  submitted  for  the  conversion  of  iron 
of  low  grade  into  high-grade  steel  at  a  minimum  of  expense  through 
a  chemical  process. 

CONCLUSIONS. 

The  wire  nail  submitted  was  casehardened  and  quenched.  If  any 
merit  exists  in  the  process,  or  any  new  discovery  is  involved,  it  can 
consist  only  in  the  nature  of  the  compound  used  for  cementation. 

The  conversion  of  wrought  iron  or  low-carbon  steel  into  a  material 
of  a  higher  carbon  content  by  heating  in  contact  with  a  carbonaceous 
material  has  been  kaown  for  many  years.  The  cementation  process 
of  making  steel  is  one  of  the  oldest  methods  employed  and  is  now  practi- 
cally obsolete.  The  reasons  that  this  process  has  given  way  to  others 
for  the  production  of  high-carbon  steel  are,  first,  no  advantages 
were  apparent  in  introducing  carbon  by  this  method  in  any  case 
where  it  was  necessary  to  remelt  the  material;  second,  the  cost  of 
steel  made  by  the  cementation  process  was  greater  than  that  of  steel 
made  by  the  crucible  process.  The  greatest  use  of  the  cementation 
process  to-day  is  in  the  production  of  casehardened  articles. 

It  was  further  claimed  by  the  inventors  that  the  cost  per  pound  of 
converting  low-grade  iron  into  steel  is  about  1  cent  for  the  chemicals 
used.  Tms  would  amount  to  $20  per  ton,  the  cost  of  fuel  and  labor 
not  included.  The  cost  of  high-grade  steel  which  is  quoted  in  this 
letter  is  entirelv  out  of  reason,  even  at  the  present  market,  high- 
speed steels  selling  for  approximately  $2.50  per  pound,  and  that  is 
probably  the  highest  priced  steel  on  the  market. 

A  common  misunderstanding  seems  to  exist  in  the  minds  of  the 
hiventors  of  this  process  that  simply  because  the  material  is  low 
carbon,  it  is  by  necessity  a  low  grade  or  cheap  material.  Nothing 
can  be  farther  from  the  truth,  as  a  difference  in  cost  between  an  open- 
hearth  steel  of  0.10  per  cent  carbon  and  0.50  per  cent  carbon  is  neg- 
ligible when  compared  to  the  cost  of  converting  the  0.10  per  cent 
carbon  steel  into  a  0.50  per  cent  carbon  steel  by  the  cementation 
process. 

EXPERIMENTAL. 

Photomicrograph  No.  3709  shows  the  structure  of  this  nail  at  500 
diameters  in  a  portion  close  to  the  circumference  of  the  nail.  Mar-^ 
tensite  is  clearly  present.  The  general  structure  of  the  nail  is  as  fol- 
lows: center,  soft,  having  the  typical  structure  of  a  quenched  low- 
carbon  steeL  The  soft  .core  is  surroimded  by  a  circle  of  troostitic 
material,  and  in  turn  this  was  surrounded  by  a  layer  of  martensitic 
material.  This,  as  stated  previously,  is  characteristic  of  a  case- 
hardened  and  quenched  article. 

Photomicrograph  No.  3708,  at  50  diameters,  shows  the  structure 
of  the  nail  after  it  had  been  heated  to  1,000°  C.  and  slowly  cooled. 
The  low-carbon  center  is  to  be  noted  with  the  gradual  increasing 
carbon  content  toward  the  circumference  of  the  nail. 

Ill 


STTPPLEHEITTABT  BEPOBT  OV  THE  EXAHIlTATIOir  OF 

CEMEITTED  WISE  HAIL. 

The  samples  reported  herein  were  submitted  to  the  laboratory 
by  Col.  C.  B.  Wheeler,  and  consisted  of  two  nails  which  had  been 
formed  into  knives,  and  a  third  nail,  the  point  of  which  resembled 
a  chisel. 

CONCLUSIONS. 

• 

The  examination  of  the  samples  submitted  offers  no  additional 
evidence  which  would  cause  a  reversal  of  the  conclusions  arrived  at 
in  the  previous  experimental  report  on  the  subject.  The  inventors 
have  a  compound  which  undoubtedly  is  yielding  them  an  exceed- 
ingly high  carbon  case.  The  cost  of  the  cementation  process  for 
producing  iron  ^nd  steel  is  very  high,  and  the  inventors'  estimate 
of  1  cent  a  pound,  or  $20  a  ton,  for  the  chemicals  employed  wotild 
show  at  a  glance  that  steel  made  by  their  process  could  not  compete 
with  steel  made  in  the  open-heartn  or  converter  process. 

It  is  further  evident  tnat  tools  such  as  those  submitted  wotild 
not  stand  up  in  service  as  well  as  the  lower  carbon  tool  of  similar 
composition  in  other  respects. 

The  inventor^s  process  might  have  some  practical  application 
as  a  casehardening  proposition,  but  as  the  only  means  available 
to  this  laboratory  in  determining  this  point  is  by  the  samples  received, 
this  question  could  not  be  definitely  answered.  It  can  be  stated, 
however,  that  the  samples  examined  had  entirely  too  high  a  carbon 
content  in  the  case  for  any  properly  casehardened  article. 

EXPERIMENTAL. 

It  was  stated  in  the  pamphlet  submitted  with  these  nails  that 
the  steel  made  by  this  process  would  compare  with  any  high-speed 
steel  on  the  market,  not  excepting  vanadium,  tungsten,  Jessup,  or 
any  other  make.  One  of  the  blades,  which  is  very  hard  as  deter- 
mined by  the  file  test,  was  annealed  at  350^  C.  for  a  few  minutes, 
after  which  it  was  readily  attacked  by  the  file.  Any  properly  heat- 
treated  high-speed  steel  would  not  be  softened  by  this  operation. 

Samples  from  the  two  nails  which  had  been  formed  into  knives 
were  aimealed  at  1,000°  C.  to  obtain  the  normal  structure.  Micro- 
graph No.  3741,  facing  this  page,  clearly  indicates  that  carbon 
haa  been  introduced  into  this  nail  by  the  cementation  process, 
and  the  carbon  content  decreases  from  the  outside  inward.  The 
central  portion  of  the  nail  was  apparently  0.35  to  0.40  carbon, 
and  this  zone  is  bound  by  a  eutectic  layer  outside  of  which  is  another 
layer  very  high  in  carbon  aad  with  much  excess  cementite. 

Micrograph  No.  3742,  facing  this  page,  clearly  indicates  the 
structure  at  the  outer  portion  of  one  of  the  nails  as  received  and 
in  the  hardened  condition.    The  matrix  consists  of  troostite  and 
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martensite  and  a  network  of  excess  cementite  is  present.  This  is 
very  undesirable  in  any  casehardened  article,  as  it  tends  to  brittle- 
ness  and   consequent  spalUng  off  of  the  case. 

Micrographs  No.  3743  and  No.  3744  were  taken  in  the  outer  portion 
of  one  of  tne  nails  after  it  had  been  heated  to  1,000°  C.  and  slowly 
cooled.  These  structures  are  of  considerable  sTcientific  interest, 
although  they  show  nothing  which  has  not  previously  been  encoun- 
tered. A  heavy  network  of  cementite  is  present,  and  associated 
with  this  is  free  ferrite,  the  centers  of  the  grains  being  pearlitic.  It 
was  held  at  one  time  that  the  coexistence  of  free  cementite  and  free 
ferrite  was  impossible,  but  this  has  long  since  been  proven  false. 

The  specimen  shown  in  micrograph  No.  3744  was  repolished 
and  etched  with  sodium  picrate.  This  etching  attack  darkens  the 
cementite,  leaving  the  ferrite  bright.  Micrograph  No.  3745  shows 
the  resulting  structure.  The  heavy  network  of  cementite  is  apparent, 
next  to  which  occurs  an  almost  continuous  network  of  ferrite,  and 
the  nucleus  of  the  grain  is  composed  of  pearUte.  Their  mode  of 
occurrence  would  suggest  the  following  relative  stages  of  the  con- 
stituents. The  cementite  separates  first,  this  separation  proceed- 
ing until  the  austenite  becomes  supersaturated  with  ferrite,  the 
ferrite  then  separates  until  the  eutectoid  composition  is  reached 
and   pearUte   forms. 

The  nail  which  had  been  formed  into  a  tool  resembhng  a  chisel 
was  polished  and  photographed  (3746)  at  500  diameters  as  received. 
The  cementite  was  m  the  spheroidized  condition.  A  composite  chemi- 
cal sample  was  obtained  from  two  of  the  nails.  The  annealed  samples 
were  so  exceedingly  brittle  that  sufficient  chips  could  be  obtained  to 
determine  carbon  only.     The  results  were  as  follows: — 

Carbon,  1.50  per  cent. 


EXAMIlTATIOir  OF  CAST  STEEL. 

BfATEBIAL. 

The  material  examined  consisted  of  the  ends  of  three  test  specimens 
marked,  respectively,  "A3,''  ''A14"  and  "Al5/'  These  specimens 
were  cut  from  the  coupons  representing  the  heats  in  question. 

CONCLUSIONS. 

Many  of  the  castings  examined  were  spongy  and  full  of  blow  holes. 
The  lack  of  ductility  m  the  test  specimens  was  due  to  an  almost  con- 
tinuous network  ol  slag  inclusions  around  the  ordinal  austenite 
crystals.    This  network  can  not  be  broken  up  by  heat  treatment. 

The  conditions  observed  were  probably  due  to  "cold  blows ^'  in  the 
converter. 

EXPERIMENTAL. 

The  physical  properties  of  the  three  specimens  are  tabulated 
below. 


Marks. 

Yield  point 
(pounds  i>er 
square  inch). 

Tensile 

strength 

(pounds  per 

square  inch). 

Elongation 
in  2  indies 
(per  cent). 

Contraction 

of  area 
(l)ercent). 

Remarks. 

A3 

51,500 
52,500 
45,400 

86,500 
85,500 
85,300 

7.5 

9.5 

18.0 

13.3 

9.5 

23.2 

Rejected. 

Do. 
Accepted. 

A14 

A15 

Carbon  and  manganese  determinations  were  made  on  the  three 
samples  with  the  f oUowing  results : 


Marks. 

C. 

Mn. 

A3 

0.43 
.42 
.426 

0.72 
.72 
.52 

A14 

A15 

A  microscopic  examination  was  made  on  the  base  of  the  tensile 
specimens.  Micrograph  No.  3750,  at  50  diameters,  shows  the  struc- 
ture of  A3.  Many  slag  inclusions  in  the  ferrite  areas  are  plainly 
visible.  This  is  fiurther  illustrated  in  micrograph  No.  3751  of  the 
same  specimen  at  500  diameters. 

Micrographs  No.  3752  and  No.  3753  at  50  and  500  diameters, 
respectively,  of  specimen  Al4  reveal  the  same  condition  as  was 
found  in  Al5. 

Micrograph  No.  3754,  at  50  diameters,  from  specimen  A15,  which 

f massed  the  required  physical  tests,  shows  a  ferrite  network  practically 
ree  of  slag  inclusions. 


MICROGRAPH   NO.  J750. 

il  au  Man  lie  crystals  i 


ICHOGRAPH   NO.  3751. 
XK  dlametsra.     Shows  sla( 


MICROGRAPH   NO.  375Z. 
..  Maenlflgd  SO  dlamstars.    Shows  slag  In  ierr Its. 


MICROGRAPH   NO.  3753. 
.  Msgnltled  500  diameteis.    Shows  slag  In 


MICROGRAPH   NO,  B754. 


MICROGRAPH   NO.  3755. 
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AU  the  slag  included  in  this  specimen  is  in  the  form  of  roimded 
particles  f oimd  here  and  there,  which  do  not  materially  break  up  the 
continuity  of  the  metal,  as  was  the  case  in  A3  and  Al4.  This  is 
illustrated  in  micrograph  No.  3755,  at  500  diameters,  shown  on  the 
opposite  page. 

The  annealing  temperature  might  well  have  been  carried  higher 
for  this  specimen.  An  anneal  at  925°  to  950°  C,  followed  by  an  air 
chUl,  would  doubtless  have  removed  all  traces  of  the  original  austen- 
ite  grains. 

In  samples  A3  and  Al4  further  annealing  would  have  been  useless, 
as  the  inclusions  present  in  the  form  of  an  almost  continuous  network 
would  destroy  the  ductihty  and  produce  brittleness. 


EXAMIITATIOir   OF   SEAT    SPBIITG   FOB   BEEL,    MODEL   1909, 

IT 0.  46. 

OBJECT. 

The  object  of  this  investigation  was  to  determine  the  cause  of 
failure  of  seat  spring  f or  reeJ^  Model  of  1909,  No.  46.  This  spring 
was  forwarded  for  examination  from  the  district  ordnance  office, 
Fort  Bliss,  Tex. 

CONCLUSIONS. 

Examination  of  the  metal  used  in  the  construction  of  this  part 
showed  that  the  tempering  operation  after  quenching  had  been  insuf- 
ficient.   As  a  result,  the  material  was  too  hard  and  brittle. 

The  specifications  for  this  part  call  for  ''spring  steel,  tempered.'' 
This  will  permit  the  use  of  high-carbon  stock  to  secure  the  necessary 
physical  properties  rejjuired  of  this  part. 

It  would  seem  advisable  to  use  a  lower  carbon  steel  in  the  con- 
struction of  this  spring.  The  following  composition  should  after 
quenching  in  oil  and  drawing  at  500°  C.  give  an  elastic  limit  of  ap- 
proximately 100,000  pounds. 

Carbon,  0.45  to  0.55  per  cent. 

Manganese,  0.50  to  0.80  per  cent. 

Silicon,  0.15  to  0.35  per  cent. 

Sulphur,  less  than  0.05  per  cent. 

Phosphorus,  less  than  0.05  per  cent. 

Chromium,  1  to  1.25  per  cent. 

Vanadium,  0.15  to  0.25  per  cent. 

This  is  a  typical  composition  only,  and  a  variety  of  others  couid 

{)robably  be  used.    The  essential  thmg  is  to  have  the  carbon  at  least 
ess  than  0.60  per  cent  in  order  to  avoid  brittleness. 

If  the  carbon  is  lowered  in  this  spring  with  its  consequent  lowering 
of  the  elastic  limit  to  approximately  100,000  poimds,  some  slight 
changes  of  design  might  be  necessary. 

EXPERIMENTAL. 

The  Brinell  hardness  of  the  piece  as  received  gave  a  value  of  392. 

A  portion  of  the  material  was  heated  to  810°  C.  and  quenched  in 
water.  The  Brinell  hardness  was  then  593.  The  piece  was  then 
drawn  at  successively  higher  temperatures  imtil  the  hardness  was 
the  same  as  when  received.    The  following  results  are  shown: — 

Condition :  BrineU  hardness. 

As  received 392 

After  water  quench  from  810^  C 593 

After  water  quench  from  810°  C.  and  drawn  15  minutes  at  400°  C 421 

After  oil  quench  from  800°  C 360 
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It  woTild  appear  that  the  hardness  of  this  piece  could  be  obtained 
either  by  an  ou  quench  followed  hj  no  tempering,  or  a  water  quench 
followed  by  tempering  in  the  vicinity  of  400°  C. 

The  structure  of  the  material  as  received,  shown  in  micrograph 
No.  3756,  at  500  diameters,  is  troosto-sorbitic.    Micrograph  No.  3757, 
at  500  diameters,  shows  the  structure  after  heating  to  1,000®  and 
furnace  cooled.    The  entire  specimen  is  pearlitic,  showing  no  excess ' 
constituents.  .         * 

Chemical  analysis  made  on  a  sample  taken  from  the  spring  showed 
the  carbon  to  be  0.926  per  cent.  As  previously  statea,  this  is  con- 
sidered too  high  where  any  conditions  which  are  liable  to  produce 
shock  are  present. 


COPPES  BOTATIHG  BANDS. 

The  material  examined  consLsted  of  a  sample  ring  made  of  pure 
copper,  concerning  which  the  following  claims  were  made  by  tixe 
company  submitting  same: — 

(1)  Tnat  this  ring  was  superior  to  a  ring  made  from  a  drawn 
tube,  due  to  the  fact  that  it  was  rolled  in  the  same  direction  as  the 
periphery  of  the  gun,  which  is  the  opposite  of  the  way  the  grain  of  the 
metal  is  worked  m  a  drawn  tube. 

(2)  The  copper  driving  band,  rolled  as  above,  would  give  as  much 
as  or  more  resistance  than  the  cupro-nickel  band  and  consequently 
will  not  shear  oflf. 

Further  statements  were  also  made  by  the  manufacturers  that 
the  cupro-nickel  band  is  also  hard  on  the  rifling  of  a  gun. 

CONCLUSIONS. 

The  manufacture  of  driving  bands  by  the  method  proposed  by 
the  manufacturer  should  promice  material  at  least  as  good  as  that 
cut  from  drawn  seamless  tubing.  The  strength  of  the  copper  band 
made  by  their  process  will  depend  entirely  upon  the  amount  of  re- 
duction given  to  the  material  and  the  annealings  to  which  it  was 
subjected.  There  is  no  apparent  reason  why  a  band  made  by 
their  process  can  not  be  so  manufactured  that  it  will  satisfactorily 
meet  the  required  specifications.  The  relative  merits  of  the  pure 
copper  versus  cupro-nickel  band  can  not  be  considered  an  essential 
portion  of  this  examination. 

EXPERIMENTAL. 

The  copper  band  supplied  by  the  manufacturer  was  7.9  inches 
inside  diameter  and  8.65  iQches  outside  diameter.  The  width  was 
1-15/16  iQches. 

A  band  cut  from  seamless  tubing,  such  as  is  used  iq  current  manu- 
facture, was  taken  for  comparison.  This  band  was  5.95  inches 
inside  diameter,  6.77  inches  outside  diameter,  and  1-15/16  inches 
wide.  Both  bands  were  cut  and  straightened  cold,  forming  a  plate 
specimen  11  iaches  long  with  the  reduced  section  of  1  inch  wide 
for  a  length  of  2.2  inches.  The  results  of  the  tests  on  the  two  bands 
is  shown  on  page  following: 
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TENSILE  l^STS. 


U9 


Ifarks. 

Width 
(inches). 

Thick- 
ness 
(inches.) 

Sectional 

area 
(sqoare 
inches). 

Tensile  strength. 

Elongation  in  2 
inches. 

Load 
(pounds). 

Stress 
(pounds 

per 
square 
inch). 

Inches. 

Per 
cent. 

R^ilftf  bftncl     . 

1.001 
1.000 

0.355 
.355 

a  355 
.355 

13,300 
11,200 

37,460 
31,540 

ass 

.94 

19 
47 

Mianu&cturer's  band 

DIMENSIONS  AT  FRACTURE. 


Marks. 

Elongation  in 
inch  sections. 

Width 
(inches). 

Thick- 
ness 
(inches). 

Sec- 
tional 

area 
(square 
inches). 

ContTSiO- 

tion 
of  area 

(per 
cent). 

Appearance 
of  fracture. 

Inches. 

Inches. 

Regular  band 

Manufacturer's 
band. 

0.10 
.38 

10.28 
1  .66 

0.840 
.710 

0.250 
.180 

0.210 
.128 

40.8 
63.9 

Light  salmon,  seamy. 
Dark  salmon. 

1  Inch  section  in  which  fracture  occurred. 


BBINELL  HABDNESS  TESTS. 


[Briaell  hardness  tests  were  taken  at  three  places  on 

the  bands. 

Marks. 

At  inside. 

At  outside. 

At  edge. 

Regular  band. 

80 

48 

80 
45 

80 
40 

Mannffv^tiirer's  band ^  x  x  x •. 

In  connection  with  these  tests  it  is  to  be  noted  that  although' 
the  tensile  strength  of  the  manufacturer's  band  is  inferior  to  that 
of  the  band  cut  from  seamless  tubing,  the  hardness  is  decidedly  less. 

Micrograph  No.  3747,  at  50  diameters,  shows  the  structure  of  the 
band  taken  from  the  seamless  tubing.  Micrograph  No.  3748,  at  50 
diameters,  shows  the  structure  of  the  manufacturer's  band. 

It  is  very  evident  from  these  micrographs,  as  well  as  from  the 
results  of  the  tensile  and  hardness  teste,  that  the  seamless  tubing 
band  has  received  decidedly  more  cold  work  after  the  last  annealing 
operation  than  the  band  made  by  the  manufacturer,  and  consequently 
the  tensile  strength  and  BrineU  hardness  are  both  greater. 


EXAMIVATIOV  OF  AIB-HAMMEB  VALVE  BBOKEV IV  FOUVDBY. 

OBJECT. 

The  object  of  this  investigation  was  to  determine  the  character 
of  the  metal  and  the  heat  treatment  given  to  the  part  in  question. 

CONCLUSIONS. 

The  chemical  composition  of  the  air-hammer  valve,  in  so  far  as 
it  could  be  determined,  gave  no  indication  as  to  why  this  piece 
should   have   failed. 

Micro-examination  showed  that  the  part  was  casehardened,  the 
case  being  in  a  good  structural  condition,  but  the  core  which  should 
function  as  a  support  to  the  case  was  decidedly  banded  and  did  not 
show  evidences  oi  being  properly  treated.* 

That  this  structure  may  result  in  brittleness  in  a  direction  at 
right  angles  to  the  bands  is  supported  by  the  facts  observed  upon 
examination  of  the  broken  mortar  trucfe  brake  shaft  reported  in 
"Tests  of  Metals,  1915.'' 

A  longitudinal  section  of  the  valve  guide  showed  that  its  work- 
ing  surfaces  were  casehardened.  This  is  clearly  shown  in  micrograph 
No.  3646.  No  defects  can  be  pointed  QUt  in  the  case  as  its  carbon 
content  did  not  exceed  0.  85  per  cent  and  showed  neither  free  cemen- 
tite  or  free  ferrite,  except  locally.  The  piece  had  been  so  treated 
that  the  case  was  almost  entirely  troostitic,  showing  some  traces 
of  martensitic  structure. 

The  core,  however,  was  in  a  very  bad  condition,  which  is  evident 
at  a  glance.  The  banding  of  ferrite  and  pearlite  was  most  pro- 
nounced. It  is,  of  course,  questionable  whether  this  condition  would 
cause  failure,  but  as  it  is  an  undesirable  structure  and  one  which 
can  be  partially  obviated,  as  will  be  shown  later,  proper  steps  should 
be  taken  by  the  manufacturer  to  prevent  the  use  of  parts  so  appar- 
ently inferior. 

This  structure  shows  also  that  the  double-quenching  operation 
which  should  be  given  casehardened  articles,  was  not  given  this 
piece,  or  else  improperly  carried  out.  This  double  quenching  referred 
to  consists  in  a  quench  from  a  relatively  high  temperature  to  refine 
the  core,  followed  by  a  quench  from  a  lower  temperature  to  refine 
the  case  made  coarse  by  the  treatment  for  the  core. 

The  occasional  bands  of  ferrite  present  in  the  case,  one  of  which 
is  apparent  in  micrograph  No.  3646,  were  very  interesting  in  their 
occurrence.  Micrograph  No.  3647,  500  X,  taken  on  one  of  these 
streaks  shows  femte  crystallized  out  around  slag  streaks  which 
are  elongated,  due  to  forging.  This  micrograph  also  shows  the 
structure  of  the  case  to  be  troostitic,  associated  with  a  slight  amount 
of  martensitic  structure. 
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The  specimen  was  then  repolished  and  etched  with  Stead's  reagent. 
Micrograph  No.  3649;  at  500  X,  was  taken  after  this  etching  and 
shows  the  structure  of  the  core.  This  etching  gives  no  additional 
information. 

A  simple  treatment  was  next  tried,  which  consisted  in  heating  the 
specimen  to  1,000®  C.  for  one  hour,  followed  by  furnace  coming. 
Micrograph  No.  3650  at  50  diameters,  shows  the  resulting  structure 
of  the  core.  The  banding  has  not  been  removed,  and  if  any  change 
is  present,  it  is  more  pronounced  than  before.  (See  micrograph 
No.  3646,  p.  120;  micrograph  No.  3650,  p.  121.) 

This  behavior  would  at  once  indicate  the  segregation  of  some  of 
the  alloying  constituents.  Chemical  analysis  was  carried  as  far  as 
possible,  but  due  to  the  small  specimen  available,  nickel  and  phos- 
phorus only  were  determined.  Nickel  was  absent  and  the  phos- 
phorus was  0.05  per  cent. 

To  obtain  some  idea  as  to  what  structure  would  be  developed  by 
quenching  and  drawing  the  core,  a  small  specimen  was  heated  to 
1,000°  C.  and  quenched  in  water. 

Micrograph  No.  3651,  at  500  diameters,  shows  the  resulting  struc- 
ture. Inis  structure  is  typical  of  a  low  carbon  steel  after  quenching. 
All  traces  of  banding  as  far  as  could  be  determined  with  either 
nitric  acid  or  Stead's  reagent  were  absent. 

The  quenched  specimen  was  then  drawn  one  hour  at  600°  C.  The 
structure  resulting  is  shown  on  micrograph  No.  3652  at  50  X.  Band- 
ing is  again  apparent.  This  disappearance  on  quenching  of  the 
banded  structure  and  its  reappearance  on  drawing  is  characteristic 
of  ferrite  bands  formed  in  steels  in  which,  accoroing  to  Stead,  the 
phosphorus  is  segregated. 


COMPBESSIVE  TESTS  OF  STEEL  BALLS. 

OBJECT. 

The  object  of  this  investigation  was  to  determine  if  any  of  the 
steel  balls  on  hand  in  the  storehouse  were  defective.  Complaint  was 
made  to  one  of  the  manufacturers  that  material  fumishea  by  them 
was  not  up  to  the  requirements  for  steel  balls.  This  complaint  was 
made,  as  difficulty  has  been  experienced  in  the  machine  shop,  due 
to  the  failure  of  steel  balls. 

CONCLUSIONS. 

The  fracture  of  the  ball  was  indicative  of  its  crushing  strength. 
Defective  balls  were  foimd  in  the  five-sixteenths  inch  and  three- 
eighths  inch  diameter  stock.  The  ultimate  strength  of  the  three- 
eighths  inch  diameter  balls  purchased  from  manufacturer  No.  3,  was 
less  than  that  of  the  five-sixteenths  inch  balls  purchased  from  manu- 
facturer No.  2. 

The  curve  on  page  123  shows  the  relation  between  the  ultimate 
strength  and  the  diameter  of  the  vairious  balls  tested. 

EXPERIMENTAL. 

The  sizes  of  balls  in  stock  were  three-sixteenths,  five-sixteenths, 
three-eighths,  one-h^,lf,  five-eighths,  three-fourths  and  1  inch 
diameter.  From  three  to  five  balls  were  selected  at  random  from 
each  size  for  purposes  of  test. 

The  balls  were  crushed  in  the  large  Emery  hydraulic  testing  ma- 
chine between  two  nickel-chorme  steel  plates.  These  plates  were 
hardened  by  heating  to  1,050°  C,  followed  by  quenching  m  oil.  The 
Brinell  haroness  of  fliese  plates  was  approximately  750. 

In  calculatii^  the  mean  value  of  the  ulitmate  strength  of  any 
size  ball,  the  value  of  the  ultimate  strength  of  the  defective  ball 
was  not  included  in  the  mean.  The  results  obtained  are  recorded  in 
the  table  following,  the  ultimate  strength  of  each  ball  tested  being 
shown. 

The  photographs  facing  page  24  show  the  appearance  of  all  the 
balls  tested  aiter  fracture. 

REMARKS   ON  PHOTOGRAPHS. 

Ball  No.  5  in  the  three-sixteenths  inch  size  fractured  at  a  load  of 
approximately  t,000  poimds  less  than  the  mean.  Upon  examina- 
tion of  the  fragments  no  trace  of  the  formation  of  cones  at  the  surfaces 
in  contact  wim  the  steel  plates  could  be  foimd. 

Ball  No  1  in  the  five-sixteenths  inch  size,  which  broke  at  approxi- 
mately 12,000  poimds  less  than  the  mean,  split  through  a  plane  at 
right  angles  to  the  direction  of  the  applied  stress.  Balls  Nos.  2  and 
3  of  the  five-sixteenths  inch  size  developed  two  nearly  perfect  cones 
which  are  evident  in  the  photograph. 

122 


INVESTIGATIVE  TESTS. 


128 


The  ultimate  strength  of  the  three-eighths  inch  balls  was  in  all 
cases  less  than  the  ultimate  strength  of  me  five-sixteenths  inch  ball. 
The  fracture  showed  a  coarser  structure  and  no  cone  was  developed 
in  ball  No..  3  which  broke  at  approximately  5,000  less  than  the  mean 
value  for  this  size. 


<o 


*o 


§ 


I 


All  the  balls  tested  in  the  one-half  inch  size  showed  a  renmant  of 
the  cone,  the  cone,  however,  being  crushed  excepting  in  two  or  three 
instances.  The  fracture  of  ball  No.  1  was  very  interesting  as  it  shows 
one  cone  completely  detached  and  one  of  the  cones  still  attached  to 
one  of  the  larger  fragments  of  the  ball. 

All  of  the  five-eighths  inch  balls  tested  showed  remnants  of  cones, 
the  fracture  being  very  fine. 

Ball  No.  2  of  the  three-fourth  inch  size  gave  an  ultimate  strength 
of  approximately  8,000  poimds  greater  than  the  mean.     It  is  to  be 
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noted  that  the  appearance  of  the  fragments  is  different  from  either 
No.  1,  3,  4,  or  5,  the  fracture  showing  a  decidedly  finer  structure; 

In  testing  ball  No.  1  of  the  1-inch  size,  one  of,  the  hardened  steel 
plates  was  fractured  at  a  load  of  68,300  pounds.  Upon  release  of 
this  load  the  ball  cracked,  and  after  the  insertion  of  a  new  plate  the 
ball  broke  at  60,600  pounds.  The  fracture,  however,  was  much 
finer  than  either  ball  No.  2  or  No.  3. 

From  the  balls  examined  it  would  seem  that  the  greatest  ultimate 
strength  was  obtained  when  the  ball  fractured  by  the  formation  of 
of  two  cones,  the  bases  of  which  are  formed  at  the  sxu^aces  in  contact 
with  the  steel  plates,  or,  in  other  words,  parallel  with  the  direction 
of  the  appUed  stress.  The  appearance  of  the  steel  ball  after  crushing 
gives  a  good  indication  of  the  quaUty  of  the  steel  ball. 

COMPBESSIVE  TESTS  OF  STEEL  BALLS. 


Number  of  balls  tested. 

Size  of  balls, 
diameter 
(inches). 

Name  of  company  submitting  samples. 

5 

1 

Manufacturer  No.  1 
Manufacturer  No.  2. 
Manufacturer  No.  3. 
Manufacturer  No.  4. 
Manufacturer  No.  2. 
Manufacturer  No.  5. 
Manufacturer  No.  2. 

3 

3 

5 

5 

5 

3 

I 

Size  of  ball. 


1^  inch  diameter 

A  inch  diameter. 

I  inch  diameter 

i  inch  diameter 

I  inch  diameter 

f  inch-  diameter 

1  inch  diameter ^ 


Ultimate 
strength 
(poimds). 

Mean 
(pounds). 

f      5,100 
5,315 
5,600 
5,7^0 
4,400 

(     » 4,800 
18,600 
15,200 
13,000 
13,100 
8,800 

f      29,300 
31,900 
28,300 
30,000 
34,800 

f      43,400 
59,200 
49,900 
51,300 

I      50,300 

f      66,700 
65,700 
52,300 
56,600 

I      68,600 

f      68,300 

160,600 

73,000 

78,600 

5,233 

•      16,900 
13,050 

30,460 

60,820 

57,980 
73,300 

Remarks. 


Fractured  steel  block. 
Fractured  the  ball. 


1  This  figure  not  used  In  calculating  the  mean  value. 


RESEARCH. 

(Instituted  for  the  purpose  of  improving  Ordnance 
materials  or  the  technique  of  their  manufacture.) 
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IirVESTIOATIOir  OF  QJJV  WISE— SEPOST  OF  PSOGSESS. 

STBENOTH  OF  BBAZED  JOINTS  AS  AFFECTED  BY  TEMPEBATUBE. 

In  connection  with  the  proposal  to  reline  wire-wound  ^uns  it  was 
thought  necessary  to  investigate  the  behavior  of  the  wu'e  used  in 
winding  under  the  varioiis  temperatures  which  would  be  necessary 
in  (topping  out  the  old  liner  and  inserting  the  new. 

As  the  joints  in  the  gim  wire  appear  to  be  the  probable  weakest 
point,  these  were  first  mvestigated  at  different  temperatures,  using 
the  apparatus  described  below,  and  on  accoimt  of  the  apparent  im- 
portance of  the  results  obtained  up  to  date,  the  results  and  certain 
conclusions  based  thereon  are  submitted  herein  so  that  anjr  desirable 
action  may  be  taken  at  once  without  waiting  for  completion  of  the 
entire  report. 

CONCLUSIONS. 

Although  the  fracture  occurs  outside  the  joint  in  the  case  of  elec- 
tiically  brazed  specimens  tested  in  tension  at  room  temperature,  it 
can  not  be  said  that  the  joint  is  ''stronger  than  the  wire,"  as  the 

Eoint  of  fracture  is  determmed  by  the  change  in  structure  due  to  the 
eat  necessary  to  brazing,  and  the  breaking  stress  of  the  imaffected 
wire  is  at  least  50  per  cent  greater  than  the  strength  shown  by  the 
brazed  wire,  even  though,  as  noted  above,  it  breaks  in  the  clear  wire 
outside  of  the  joint. 

The  joint  in  the  one-eighth  inch  wire  separated  along  the  scarf 
when  tested  at  or  above  211®  C.  The  joint  in  the  one-tenth  inch 
wire  separated  along  the  scarf  when  tested  at  or  above  234°  C. 

An  inspection  of  the  curves  on  pages  132  to  134  shows  that  |the 
strength  of  the  wire,  including  the  joint,  increases  slightly  with 
rising  temperature.  Beyond  175®  C.  the  strength  of  the  jomt  rapidly 
diminishes,  and  at  598®  C.  a  load  of  10,000  pounds  per  square  incn 
was  sufficient  to  cause  the  breaking  of  the  jomt. 

Microexamination  of  the  structure  at  tne  brazed  joint  and  at  a 
short  distance  from  this  point  shows  that  the  brazing  operation  has 
greatly  altered  the  structure  in  the  vicinity  of  the  joint.  A  very 
sharp  line  of  demarcation  exists  between  the  orimnal  structure  of  the 
wire  and  the  modified  structure  produced  by  tne  heat  necessary  in 
the  brazing  process. 

MATEBIAL  USED   IN  THIS   INVESTIGATION. 

Nine  sections  of  one-eighth  inch  square  steel  gim  wire  with  elec- 
trically brazed  joints  approximately  in  the  center  and  marked  with 
firm  name. 

Eight  sections  of  one-tenth  inch  square  steel  wire  with  electrically 
brazed  joints  in  the  center  and  marked  with  firm  name. 

In  addition  to  the  above,  a  number  of  short  sections  of  each  kind  of 
wire  with  the  electrically  brazed  joint  in  the  center  were  available 
for  testing  purposes  at  room  temperature. 

126 


X' 


ill 


SE6EABCH.  127 


METHOD   OF  TEST. 


Photograph  No.  3507  shows  the  apparatus  employed  in  testing  the 

{'oints  at  the  various  temperatures.  A  small  electncally  heated  tube 
umace  was  constructed,  the  cUameter  of  the  heating  tube  being 
approximately  one-half  inch.  The  furnace  was  suspended  in  such  a 
manner  that  after  the  wire  had  been  passed  through  the  furnace  and 
clamped  in  the  heads  of  the  testing  machine  by  the  hydraulic  grips 
it  could  then  be  adjusted  in  such  a  manner  that  the  wire  passed 
through  the  heating  tube  centrally.  Using  this  arrangement  there 
was  no  direct  contact  between  the  heating  appliance  and  the  wire 
being  tested. 

A  gauge  length  of  15  inches  was  used  in  all  cases.  Special  points 
were  made  for  the  extensometer,  which  enabled  the  instrument  to  be 

? laced  over  the  top  of  the  furnace  as  shown  in  photograph  No.  3507. 
'emperature  measurements  were  made  with  a  platinum  couple,  and 
it  was  found  that  when  the  furnace  and  wire  to  be  tested  were  in 

?lace,  a  section  approximately  9  inches  long  was  uniformlv  heated, 
'he  entire  temperature  gradient  occurred  in  a  IJ-inch  length  at 
each  end  ot  the  tube.  The  joint  was  always  carefully  located  in  the 
center  of  the  furnace  to  insure  its  being  heated  to  the  temperatures 
recoided.     The  testing  was  carried  out  as  follows : 

The  furnace  was  carefully  brought  to  the  desired  temperature  and 
held  at  this  temperature  for  30  minutes  before  the  stresses  were 
applied.  The  initial  load  was  in  all  cases  5,000  poimds  per  square: 
inch.  The  data  table  on  page  129  gives  the  results  of  the  tests  on 
the  one-eighth  inch  square  steel  wire  when  tested  with  the  heating 
appliance  in  place.  The  results  of  the  tests  on  the  one-tenth  inch 
square  steel  wire  with  the  heating  appliance  in  place  are  recorded 
on  page  129.  The  tests  on  the  short  sections  without  the  heating 
appliance  in  place,  and  for  which  no  stress-strain  diagiams  were  ob- 
tamed  on  account  of  the  shortness  ot  the  specimen,  are  recorded  oii, 
page  130.  The  results  obtained  on  the  short  section  containing  a 
riveted  joint  are  also  recorded  on  page  130. 

DISCUSSION    OF    RESULTS. 

The  graph  on  page  — ,  showing  the  relation  between  the  strength 
of  brazed  joints  m  the  one-eighth  inch  square  wire  and  temperature 
at  which  they  were  tested,  is  very  similar  to  the  curve  obtained  on 
the  one-tenth  inch  scjuare  wire.  The  breaking  stresses  of  the  one- 
tenth  inch  square  wire  were  slightly  higher  at  lower  temperatures 
than  the  one-eighth  inch  square  wire.  The  sudden  break  in  the  curve 
at  approximately  175°  C.  m  both  cases  is  the  striking  feature  of  the 
experiment.  It  would  seem  possible  to  say  that  all  breaks  occurring 
to  the  left  of  this  peak  would  not  occur  by  a  separation  along  the 
scarf,  but  rather  by  the  ''necking  down''  at  the  point  where  the 
original  structure  oi  the  wire  comes  in  contract  with  the  structure 
prMUced  by  the  heat  generated  in  the  brazing  operation.  All  breaks 
to  the  right  of  the  peaK  are  caused  by  the  separation  along  the  scarf. 
There  was  no  indication  in  any  of  the  breaks  along  the  scarf  of  fusion 
of  brazing  solder. 

On  page  131  are  recorded  the  data  obtained  by  heating  a  section  of 
the  one-tenth  inch  square  wire  under  a  constant  load.  The  method 
employed  was  to  heat  gradually  by  allowing  approximately  10- 
minute   intervals    to    elapse    at   various    temperatures.    The    joint 
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parted  under  a  load  of  10,000  pounds  at  598®  C.  These  same  results 
are  plotted  on  page  134.  Discussion  of  the  stress-strain  diagram 
facing  page  134  is  of  little  interest. 

Ciu"ye  No.  8,  facing  page  134,  of  the  one-eighth  inch  square  wire  and 
curve  No.  6,  facing  page  134,  of  the  one-tenth  inch  square  wire,  are  very 
similar,  and  the  specimens  apparently  have  a  different  modiilus  from 
that  prevailing  fbr  the  other  specimens  tested.  This  is  probably  due 
to  the  f  kct  that  they  both  represent  a  specimen  heated  to  over  400^  C. 

MICROEX  AMIN  ATION . 

Micrograph  No.  3508  shows  the  structure  at  the  junction  of  the 
original  structure  of  the  wire  with  the  structure  as  modified  by  the 
brazing  operation.  The  junction  of  these  two  structures  located 
an  apparent  point  of  weakness  in  the  brazed  joints  when  tested  at 
temperatures  below  175°  C.  Micrograph  No.  3509,  showing  the 
structure  at  the  brazed  joint,  reveals  an  entirely  different  type  of 
structure  from  that  present  in  the  wire  as  received  from  the  manu- 
facturers. The  structure  incidental  to  cold  work  has  been  almost 
completely  removed. 

The  following  data  prove  very  conclusively  that  the  brazing 
operations  do  not  give  a  joint  which  is  stronger  than  the  wire,  al- 
though the  fracture  may  occur  outside  of  the  joint.  The  sketch 
below  will  show  the  nature  of  the  fracture  in  sections  which  did  not 
separate  along  the  scarf. 
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One  section  of  the  one-eighth  inch  wire,  including  the  joint,  broke 
as  indicated  in  the  above  sketch  at  a  stress  of  127,000  pounds  per 
square  inch.  The  two  ends  of  this  wire  were  then  pulled  and  broke 
under  a  stress  of  200,000  pounds  and  198,750  pounds,  respectively. 
A  section  taken  from  the  coil  of  one-eighth  inch  wire  showed  a  break- 
ing stress  of  197,500  poimds,  which  is  in  verv  close  agreement  with 
the  tests  taken  on  the  unaffected  portion  of  the  wire  used  in  making 
the  brazed  joint  sections. 

A  similar  experiment  was  carried  out  on  the  one-tenth  inch  wire, 
and  the  results  were  in  agreement  with  the  above.  The  data  below 
give  the  results  in  detail. 

1/8"  SQUARE  WIRE. 


Specimen. 


No.  1 

Specimen  from  coil. 


Breaking  stress 
when  fracture 
occurs  where 
the  structure 
has  been  affect- 
ed by  brazing 
heat. 


127,000 


Breaking  stress  in 
unaffected  wire. 


{ 


200,000 
198,750 
197.500 


1/10"  SQUARE  WIRE. 


No.  1 

Specimens  from  coil . 


146,  goo 


I 


261,500 
230,000 
241,200 
240  000 


ORIGINAL  STRUCTURE  OF  WIRE  SHOWING  EFFE 
118-1 


arser,   prooesdlng  from  tl 
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TEl^SIIiE  TESTS  OF  ONE-EIGHTH-narCH  saT7ABE  STEEL  WIRE,  WITH 

BBAZED  JOINT. 

Taken  in  large  Emery  testing  machine  with  heating  appliance  in 
place. 
Gauge  length,  15  inches. 


Test 
No. 

Siee 

wire 

(inch). 

Section- 
al area 

(square 
inch). 

Temper- 
ature at 
which 
heated. 

Tensile  strength. 

Position  of  fracture. 

Total 
(pounds). 

Stress 
(pounds 

per 
square 
inch). 

1 

1 

2 

3 

4 

7 

9 

5 

'    6 

8 

1 

1 

0.0160 

0.0160 
0.0160 

a  0160 
0.0160 
0.0160 
0.0160 
0.0160 
0.0160 

•  C 

2,030 

1,780 
2,016 

2,2*i 
2,016 
1,200 
1,235 
850 
672 

127,000 

111,000 
126,000 

140,000 
126,000 
75,000 
77,000 
53,000 
42,000 

Fractured  the  wire  at  end  of  brazed 

joint. 
Separated  along  the  scarf  joint. 
Fractured  the  wire  at  end  of  brazed 
joint. 

Do. 
Separated  along  the  scarf  joint. 

Do. 

Do. 

Do. 

Do. 

136 

136 
211 
259 
294 
294 
406 

TENSILE  TESTS  OF  ONE-TENTH-INCH  SQXJABE  STEEL  WIRE,  WITH 

BRAZED  JOINT. 

Taken  in  large  Emery  testing  machine  with  heating  appliance  in 
place. 
Gauge  length,  15  inches. 


Test 

No. 

Size 

wire 

(inch). 

Section- 
al area 
(square 
inch). 

Temper- 
ature at 
which 
heated. 

Tensile  strength. 

Position  of  fracture. 

Total 
(pounds). 

Stress 
(pounds 

per 
square 
inch). 

• 

2 

3 

4 

5 

1 

7 

6 

0.010 

0.010 
0.  Oltf 
0.010 
0.010 
0.010 
0.100 

•  C 
136 

186 
234 
276 
317 
351 
427 

1,460 

1,560 
1,200 
800 
840 
720 
440 

146,000 

156,000 
120,000 
80,000 
84,000 
72,000 
44,000 

Fractured  the  wire  at  end  of  brazed 
•    joint. 

Do 
Separated  along  the  scarf  joint. 

Do. 

Do. 

Do. 

Do. 
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TEKSILE  TESTS  OF  SHOBT  PIECES  OF  ONE-EIGHTH-INCH 

STEEL,  WUtE  WITH  B&AZED  JOINTS. 

Length  of  samples  over  all  12  inches. 

Length  of  scarf  joints  about  seven-eighths  inch. 


No. 

• 

Tensile  strength. 

ICanner  of  foilure. 

Load 
(pounds). 

Founds 

per 

square 

inch. 

1 

2,119 
2,037 
2,145 
2,138 
2,100 
2,205 

132,000 
128,000 
134,000 
133,000 
131,000 
138,000 

Fractured  wire  about  A  hich  from  end  of  scarf. 
Fractured  wire  about  i  inch  from  end  of  scarf. 
Separated  along  the  scarf. 
Fractured  the  wire  at  end  of  scarf. 

Do. 
Fractured  the  wire  about  ^  inch  from  end  of  scarf. 

2 

3 

4 

5 

6 

RIVETED  JOINT,  LONG  SCARF.    ONE-EIGHTH  INCH  SQUARE. 


1 

1,400 

87,500 

Fractured  across  both  scarfs  at  a  rivet  hole  about  half  way 
along  scarf. 

TENSILE   TESTS  OF  SHORT  PIECES  OF  ONE-TENTH-INCH  SQUARE 

STEEL  WIRE. 


Length  of  sample  over  all  =12  inches. 


No. 

Tensile  strength. 

• 

Manner  of  failure. 

Load 
(pounds). 

Founds 

per 
square 

inch. 

1 

1,425 
1,435 

1,421 
1,412 

1,528 
1,400 

142,500 
143,500 

142,100 
141,200 

152,800 
140,000 

Fractured  the  wire  at  end  of  scarf. 

Separated  along  the  scarf  and  fractured  one  scarf  0.60  inch 

from  end  of  scarf. 
Fractured  wire  at  end  of  scarf. 
Separated  along  the  scarf  and  fractured  1  scarf  |  inch  from 

endofscart 
Fractured  one  scarf  J  J  inch  from  end  of  scarf. 
Frjtetured  wire  i  inch  from  end  of  scarf. 

2 

3 

4'. 

5 

6.. 
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XEKSILE  TEiST  OF  ONE-TENTH-INCH  saT7ABE   STEEL  WIBB  WITH 

BBAZED  JOINT. 


TEST  NO.  7. 


Constant  load  and  temperature  gradually  increased. 
Sectional  area  =  0.010  square  inch. 
Gauged  length  =  15  inches. 


Applied 
loads 

Micrometer 

Heat 

• 

(pounds 

per  square 

inch). 

readings 
(elongation). 

degrees 
.  CC). 

Time. 

Remarks. 

10,000 

r-.o6l5 

28 

1.35 

Initial  load. 

10,000 

+.0000 

136 

1.45 

10,000 

.0009 

136 

1.56 

10,000 

.0140 

186 

1.59 

10,000 

.0150 

186 

2.10 

10,000 

.0195 

234 

2.15 

10,000 

.0220 

234 

10,000 

.0255 

271 

i*26'" 

10,000 

.0366 

271 

2.35 

10,000 

.0330 

328 

2.40 

10,000 

.0360 

328 

2.50 

10,000 

.0440 

384 

2.55 

( 

10,000 

.0498 

884 

8.05 

10,000 

.0575 

438 

3.15 

10,000 

.0615 

438 

3.25 

10,000 

.0705 

488 

3.80 

10,000 

.0775 

488 

8.40 

* 

10,000 

.0955 

548 

8.47 

10,000 

.1061 

548 

3.57 

10,000 

.1315 

508 

4.05 

About  1  minute  after  the  readings  were  taken 
the  Joint  separated  ak>ng  the  scarf. 
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INVESTIGATION  OF  EFFECTS  ON  OXTN  WIEE  OF  SXTCH  HEAT- 
ING AS  IT  WOULD  EEOEIVE  DUEINO  OEIGINAL  INSEB- 
TiON  OF  TUBE  OE  SUBSEQUENT  EELINING. 

.  In  order  to  obtain  the  necessary  data  as  to  the  effect  of  the  relming 
temperatures  upon  the  wire,  the  following  program  of  tests  was 
arranged. 

PROGBAIC  OF  TESTS. 
X.   PHYSICAL  TESTS. 

(a)  Physical  tlests  on  one-eighth  inch  and  one-tenth  inch  wire  as 
taken  from  the  reel. 

(b)  Physical  tests  on  one-eighth  inch  wire  annealed  at  450°  C.  in 
coil  for  one  hour. 

(c)  Physical  tests  on  one-eighth  inch  wire  annealed  at  600°  C.  in 
coil  for  one  hour. 

(d)  Physical  tests  on  one-eighth  inch  wire  heat  treated  in  various 
ways  in  a  furnace  to  be  described  later. 

2.   MICROSCOPICAL   INVESTIGATION  AND   CRITICAL  POINTS. 

(a)  Microscopical  examination  of  specimens  from  a,  b,  c,  and  d. 

(b)  Cooling  curves  on  one-eighth  inch  square  gun  wire. 

3.   PERMANENT   SET  TESTS. 

(a)  Tension  on  wire  60,000  pounds,  maximum  temperature  of  heat- 
ing variable. 

(6)  Tension  on  wire  60,000  pounds,  rate  of  heating  variable. 

(c)  Tension  on  wire  60,000  pounds,  held  at  maximum  temperature 
six  hours,  maximum  temperature  variable. 

(d)  Tension  on  wire  47,500  pounds,  held  six  hours  at  maximum 
temperature,  maximum  temperature  variable. 

(e)  Tension  on  wire  37,500  pounds,  held  six  hours  at  maximum 
temperature,  maximum  temperature  variable. 

(j)  Tension  on  wire  60,000  pounds,  held  six  hours  at  maximum 
temperature.  Variables  of  senes  were  physical  properties  of  wire 
occasioned  by  previous  heat  treatment  and  maximum  temperature 
of  heating, 

(g)  Tension  on  wire  47,500  poimds,  held  six  hours  at  maximum 
temperature.  Variables  of  senes  were  physical  properties  of  wire 
occasioned  by  previous  heat  treatment  and  maximum  temperature 
of  heating. 

(h)  Tension  on  wire  37,500  poimds,  held  six  hours  at  maximum 
temperature.  Variables  of  senes  were  physical  properties  of  wire 
occasioned  by  previous  heat  treatment  and  maximum  temperatutie 
of  heating. 
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This  report  includes  the  following: 

1.  Conclusions  in  brief,  with  suggestions. 

2.  Physical  tests  on  gun  wire,  treated  and  untreated. 

3.  Tests  on  gun  wire  heated  to  different  temperatures  under  con- 
stant load  to  determine  resultant  permanent  set». 

4.  ^Microscopical  examination  of  material  both  in  treated  and  un- 
treated states. 

5.  'Calculations  showing  fiber  stresses  in  gun  wire  at  different 
stages  in  the  fabrication  of  a  wire-woimd  gun. 

6.  Record  of  the  data  obtained  in  the  permanent  set  experiments. 

CONCLUSIONS. 

The  wire  used  in  prfesent  wire-wound  gun  construction  is  cold 
drawn  after  the  last  annealing  operation  during  its  manufacture. 
For  that  reason  it  is  in  a  condition  very  susceptible  to  heat  treat- 
ments apphed  below  the  critical  range.  Such  an  annealing  will 
cause  a  aecrease  in  the  tensile  strength  accompanied  by  the  appear- 
ance of  a  true  elastic  limit. 

Concerning  the  question  of  ''slow  creep''  in  this  wire  imder  load, 
the  experiments  carried  out  in  connection  with  this  investigation 
indicate  that  with  loads  not  exceeding  55,000  pounds  per  square  inch 
the  initial  elongation  is  but  slightly  exceeded  oy  continuing  the  wire 
under  the  tension  at  which  the  initial  elongation  was  determined,  and, 
furthermore,  the  additional  extension  developed  occurred  entirely 
in  the  first  few  minutes  of  the  time  during  which  the  wire  was  con- 
tinued in  tension.  For  additional  conclusions  concerning  this  point 
see  page  140. 

When  the  wire  was  heated  under  tension  permanent  sets  were 
developed  which  varied  with  the  load  and  temperature  of  heating. 
The  following  table  shows  the  influence  of  tension  and  maximum 
temperature  of  heating  on  the  amount  of  permanent  set.  All  the 
wires  were  heated  quickly  to  the  maximum  temperature  and  held  six 
hours. 


Temperature 
(*C.). 

Per  cent  set  of  original  gauge  length. 

37,500  pounds. 

47,500  pounds. 

60,000  pounds. 

228 
222 
230 
271 
271 
271 
300 
300 
302 
351 
350 
350 
373 
373 
373 

0.033 

[          .083 

125 

.208 

.276 

0.058 
.108 
.142      ' 
;258 
.317 

0.075 
.142 
.192 
.333 
.542 

The  per  cent  elongation  produced  by  the  load  in  each  case  was 
approximately  as  foUows. 

Per  cent. 

60,000  pounds 0. 220 

47,500  pounds '. 170 

37,500  pounds .'     .130 
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A  number  of  similar  permanent  set  experiments  were  conducted 
on  wire  so  heat  treated  that  a  true  elastic  limit  was  developed. 
The  permanent  sets  resulting  in  such  wire  heated  under  tension  are 
so  decidedly  less  than  those  occurring  in  cold-worked  mat^al  that 
it  seems  apparent  such  a  wire  must  be  adopted  for  ^n  construction 
if  any  heatmg  operations  are  to  be  employed  either  m  assembling  or 
relining. 

In  the  portion  of  this  report  under  calculations,  pages  175  to  179, 

inclusive,  the  formula  y  +  ^-M  is  developed,  where  y  =  winding  ten- 
sion, d  =  thickness  of  wire,  r  =  radius  of  tube  or  coil,  and  M = modulus 
of  wire,  which  is  considered  constant  at  all  stresses.  This  formula 
enables  the  computation  of  the  fiber  stress  in  the  wire  at  any  plane. 

It  is  shown  further  that  in  the  10-inch  rifle,  wire  wound,  30  tons, 
designed  by  Gen.  Crozier  (Notes  on  Construction  of  Ordnance,  No. 
87) ,  that  the  tension  on  the  extreme  outside  fibers  of  the  first  layer  of 
wire  is  185,600  pounds  per  square  inch  at  the  conclusion  of  the 
winding  of  the  first  layer  if  0.1  inch  square  wire  is  used. 

If  wire  in  a  ribbon  form  having  a  section  0.03  inch  by  0.33  inch 
was  used  on  this  gun  in  the  same  location  and  under  the  same  winding 
tension,  the  fiber  stress  on  the  extreme  fibers  of  the  first  layer  would 
be  80,000  pounds  per  square  inch,  giving  a  reduction  in  maximum 
stress  at  rest,  of  105,600  pounds.  These  calculations,  as  previously 
stated,  imply  a  constant  value  of  M,  or,  in  other  words,  a  perfectly 
elastic  wire  under  all  conditions  of  stress.  This  condition  can  not 
be  reahzed  when  the  stresses  are  very  great,  as  the  elastic  Umit  will 
be  exceeded. 

From  consideration  of  the  term  ^M  it  is  evident  that  streeses  due 

2r 

to  bending  can  be  reduced  by  decreasing  d,  or,  in  other  words,  using  a 

thin  wire.     From  the  manufacturer's  viewpoint  the  fabrication  of 

the  ribbon-form  wire  would  involve  but  little,  if  any,  increase  in  cost 

over  the  present  form. 

It  is  assumed  that  the  wire  envelope  of  a  gun  should  be  perfectly 
elastic.  To  fulfill  the  above  condition  it  is  necessary  that  the  wire 
should  be  an  elastic  body  before  being  wound  on  the  gun,  which  is 
not  the  case  at  present,  and  secondly,  that  the  algebraic  sum  of  all 
stresses  to  which  the  wire  is  subjected  during  and  after  winding  on 
the  gun  must  not  exceed  the  elastic  limit  of  the  material  compris- 
ing the  wire. 

Either  square  or  flat  wire  can  be  secured  which  is  an  elastic  body 
and  to  insure  this,  present  specifications  should  be  so  modified  that 
the  last  operation  m  the  manufacture  of  the  material  must  be  an 
oil  quench  from  above  the  critical  range  followed  by  tempering  at 
a  temperature  well  above  that  necessary  for  assembling  or  reUning 
a  gun.  Such  wire  is  known  as  a  hardened  and  tempered  wire  and  is 
used  for  springs,  razor  blades,  etc. 

It  is  not  apparent  how  any  of  the  advantages  inherent  to  hard- 
ened and  tempered  wire  will  be  realized  if  the  present  practice  of 
using  a  large  square  wire  is  continued.  This  follows  from  the  fact 
that  with  a  thick  wire  the  stresses  resulting  from  bending  the  wire 
around  the  tube  will  be  very  great  in  the  extreme  fibers,  causing 
the  algebraic  sum  of  all  the  stresses  to  exceed  the  elastic  limit.     Any 
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annealing  operation  incidental  to  assembling  or  relining  will  there- 
fore change  the  physical  properties  of  the  overstrained  portion  of 
the  wire  and  very  probably  produce  permanent  sets. 

The  proper  course  of  action  woula  seem  to  be  a  change  from 
square  to  ribbon  form  wire  and  the  specifying  of  hardened  and 
tempered  material  which  could  be  treated  so  as  to  give  an  elastic 
limit  of  100,000  to  120,000  pounds  per  square  inch. 

It  would  also  seem  that  the  use  of  a  hardened  and  tempered  ribbon 
wire  would  assist  in  the  solution  of  the  joint  problem.  An  electrically 
welded  joint  could  be  made  and  subsequently  heat-treated,  usins^ 
the  same  temperatures  for  hardening  and  tempering  as  were  appUed 
to  the  wire  in  its  manufacture.  As  a  last  resort  recourse  could  be 
had  to  the  riveted  joint  such  as  used  in  English  construction,  the 
rivet  holes  in  the  flat  wire  being  much  less  eflFective  in  reducing  cross 
section  than  in  the  square  wire. 

BESXTLTS  OF  PHYSICAIi  TESTS. 

As  it  was  desirable,  as  will  be  shown  later,  to  obtain  a  truly  elastic 
wire  for  the  set  tests,  some  means  was  necessary  to  heat-treat  the 
wire  so  that  in  the  treated  condition  it  would  be  straight  and  not 
in  the  form  of  a  coU.  To  enable  this  to  be  done,  a  furnace  was  con- 
structed as  shown  in  photograph  No.  3684,  on  the  opposite  page. 

This  apparatus  consisted  of  a  nichrome-woimd  electric  furnace 
moving  vertically  between  wire  guides.  A  rope  attached  to  the 
furnace  and  passmg  through-  a  pulley  directed  overhead  was  brought 
out  to  a  small  windlass.  This  enabled  the  furnace  to  be  moved  up 
or  down  by  any  desired  amount.  A  base  metal  couple  was  secured 
in  the  center  of  the  heating  tube  and  the  lead  wires  carried  to  a 
portable  potentiometer. 

The  heat  treatment  of  a  wire  was  carried  out  as  follows:  The 
furnace  was  raised  to  the  top  of  the  guides,  the  wire  to  be  treated 
being  fastened  to  a  plate  directly  over  the  center  of  the  tube,  and 
the  desired  weight  to  the  bottom  of  the  wire.  The  furnace  was  then 
brought  to  the  desired  temperature  and  fed  down  along  the  wire 
at  any  desired  rate.  For  example  suppose  the  recorded  treatment 
is  800''-2''- 30 -2,000.  This  means  that  the  furnace  was  brought 
to  800°  C,  fed  downward  2  inches  every  30  seconds,  the  weight  on 
.  the  wire  being  2,000  pounds  per  square  inch. 

In  some  cases  the  wire  was  cooled  by  means  of  an  air  blast  directed 
up  or  down  as  it  emerged  from  the  furnace,  whereas  in  others  it 
was  allowed  to  cool  freely  without  the  assistance  of  the  blast.  In 
the  data  tables  '' cooled  in  air"  signifies  cooling  without  the  assistance 
of  an  air  blast. 

The  results  of  the  physical  tests  and  the  strees-strain  dia^ams 
for  each  test  are  recorded  herewith.  The  data  from  whicn  the 
stress-strain  diagrams  are  plotted  is  on  file  in  the  testing  laboratory. 
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PSYSICAL  TESTS  ON  ONE-EIGHTH  INCH  SQUARE  GUN  WIRE. 


No.  of 
test. 


I 


1 

2 

3 

4 

5 

6 

7 

8 

^  9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 


Treatment  (all  •C). 


Elastic  lim- 
it (pounds 
per  snuare 
inch). 


800''+25',  heated  by  blast  lamp.  750  pounds  on  wire . 

600*— 1  hour  In  coil,  furnace  cooled 

600*— 1  hour  In  coil,  furnace  cooled 

460*— 1  hour  in  coil,  furnace  cooled 

450*— 1  hour  in  coil,  furnace  cooled. 

800*— 2— 30,  air  cooled,  2,000  pounds  on  wire 

800*— 2— 30,  air  cooled,  2,000  pounds  on  wire 

800*— 2-30,  air  cooled,  1,200  pounds  on  wire 

800* -2— 30,  air  cooled.  1,200  pounds  on  wire 

800*— i— 10,  air  blast  down,  1,200  pounds  on  wire 

800*— I— 10,  air  blast  down,  1,200  pounds  on  wire 

800*— J— 10,  air  blast  up,  1,200  pounds  on  wire 

800*— i— 10,  air  blast  ud,  1.200  pounds  on  wire 

800*— i— 10,  air  cooled,  2,000  pounds  on  wire 

800*— i— 10,  air  cooled,  2,000  pounds  on  wire. 


1,000*— i— 10,  air  blast  up,  1,200  pounds  on  wire 

1,000*— J— 10,  air  blast  up,  1,200  pounds  on  wire 

800*-i— 10,  air  blast  up,  2,000  pounds  on  wire 

800*— i— 10,  air  blast  up,  2,000  pounds  on  wire 

1,000*— |— 10,  broke,  air  blast  up,  2,000  pounds  on  wire. . 

1,000*— 4-10,  air  blast  up,  2,000  pounds  on  wire 

1,000*— J— 10,  air  blast  up.  2,000  pounds  on  wire 

800*— 2— 30,  air  blast  up,  2,000  pounds  on  wire 

800*— 2— 30,  air  blast  up,  2,000  pounds  on  wire 

800*— 6  inches  up— 3  down,  water,  2,000  pounds  on  wire. 

800*  in  coil,  air  cooled 

Wire  from  coil 

Wire  from  coil 


65,000 
45,000 
45,000 
40,000 
35,000 
75,000 
74,000 
65,000 
73,000 
80,000 
80,000 
79,000 
79,000 
75,000 
75,000 
70,000 
70,000 
80,000 
75,000 
75,000 
75,000 
75,000 
70,000 
79,000 
35,000 
10,000 


Tensile 

strength 

(pounds  per 

square 

inch). 


108,750 
120,000 
121,250 
162,800 
158,750 
130,000 
111,250 
115,600 
112,000 
97,500 
124,400 
121,125 
133,125 
120,625 
130,925 
140,300 
143,600 
116,000 
127,750 
127,625 
142,360 
140,500 
102,000 
135,625 
35,000 
99,000 
193,500 
193,750 


I  Permanent  sets  from  0. 0007  to  0. 001  at  55,000  pounds  elastic  limit  below  this  stress. 

An  inspection  of  the  results  from  tests  2  and  3,  4  and  5,  and  27 
and  28,  are  of  particular  interest.  Five  turns  were  taken  from  the 
coil  and  annealed  in  this  form  for  one  hour  at  600°  C.  or  1,112°  F. 
The  mean  value  of  the  elastic  limit  was  45,000  pounds  and  the 
tensile  strength  120,500  pounds. 

The  value  of  the  elastic  limit  and  tensile  strength  of  the  specimens 
taken  from  the  coil  annealed  at  450°  C.  were  37,500  and  160,000 
poimds  per  square  inch,  respectively. 

For  specimen^  taken  directly  from  the  coil  as  received  and  tested, 
the  tensile  strength  was  approximately  193,000  pounds,  whereas 
no  elastic  limit  could  be  aetermined. 

These  results  show  conclusively  that  annealing  applied  below 
the  critical  range  of  the  material  causes  a  decrease  in  the  tensile 
strength  accompanied  by  the  appearance  of  an  elastic  limit,  anneal- 
ing at  600°  C.  having  lowered  the  tensile  strength  approximately 
70,000  pounds,  whereas  the  elastic  limit  was  raised  from  0,  or  at 
least  very  low  value,  to  45,000  pounds. 

Specimens  6  to  25  inclusive  represent  wire  which  had  been  treated 
in  the  furnace  previously  described.  Great  variation  existed  in  the 
elastic  limit  and  tensile  strength.  The  one-half  inch  feed  every  10 
seconds  eave  more  consistent  results  than  the  2-inch  feed  every 
30  seconds.  The  most  important  point  to  be  borne  in  mind,  how- 
ever, is  the  fact  that  the  heat-treated  wires  were  carried  to  the  ^'set 
experiments"  in  a  truly  elastic  condition  with  the  wire  straight. 

Specimen  No.  26  is  of  particular  interest  and  its  stress-strain 
diagram,  page  146,  should  be  noted.  The  wire  from  which  the 
specimen  was  taken  was  heated  in  a  coil  approximately  2i-inch 
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diameter  to  800°  C.  and  cooled  in  air.  Specimens  27  and  28  were 
tested  from  the  coil  as  received.  The  test  was  conducted  as  follows : 
The  load  was  first  increased  from  10,000  pounds  to  55,000  pounds, 
held  at  this  load  for  30  minutes,  the  loaa  then  reduced  to  10,000 
pounds,  subsequently  increased  a^ain  to  55,000  pounds,  reduced 
again  to  10,000  pounds  and  then  mcreased  to  the  breaking  stress. 
Tlie  following  data  table  summarizes  the  results  obtained: 


SPECIMEN  27. 


Time. 


3.27 
3.32 
3.37 
3.47 
3.52 
3.57 
3.59 
4.04 
4.09 
4.11 
4.15 
4.17 


Load. 


10,000 
55,000 
55,000 
55,000 
55,000 
55,000 
55,000 
10,000 
10,000 
10,000 
55,000 
55,000 
10,000 
55,000 
193,500 


Elongation. 

1 

Set. 

0.0003 

.0256 

.0263 

■*•""••"■*•""* 

.0265 

.0266 

.0265 

.0265 

.0010 
.0007 

0.0007 

.0010 

.0266 
.0266 
.0011 
.0267 


.0008 


SPECIMEN  28. 


1.19 
1.24 
1.29 
1.31 
1.39 
1.44 
1.49 
1.52 
1.59 
2.03 
2.08 
2.13 
2.15 
2.20 


10,000 
55,000 
55,000 
55,000 
55,000 
55,000 
55,000 
55,000 
10,000 
10,000 
55,000 
55,000 
65,000 
10,000 
10,000 
193, 750 


0. 0321 
.0288 
.0289 
.0290 
.0290 
.0291 
.0291 
.0291 
.0037 
.0032 
.0292 
.0291 
.0292 
.0032 
.0032 
0) 


0.0010 


0011 


1  Breaking  stress. 

These  results  show  that  the  elongation  at  55,000  pounds  per 
square  inch  will  vary  depending  upon  the  time  the  specimen  is 
held  at  that  load,  but  in  all  cases  the  elongations  due  to  holding 
under  constant  stress  are  small  compared  to  the  total  elongation 
produced  by  the  given  load. 

In  other  words,  the  momentary  elongation  in  specimen  27  was 
0.0256  inch  at  55,000  pounds.  The  elongation  after  30  minutes 
was  0.0265  inch,  or  an  increase  of  3.5  per  cent,  and  the  increase 
was  observed  in  the  first  10  minutes,  tne  last  20  minutes  giving 
no  additional  elongation. 

The  momentary  elongation  in  specimen  No.  28  was  0.0288  inch 
at  55,000  pounds,  and  after  20  minutes  at  this  load  was  0.0291 
inch,  an  increase  of  0.0003  inch,  or  approximately  1  per  cent. 

The  second  apphcation  of  55,000  pounds  proaucea  a  greater 
extension  than  the  first  application  of  this  same  stress,  but  the 
data  obtained  indicates  that  the  momentary  elongation  was  the 
same  as  the  elongation  present  after  this  load  had  been  applied 
several  minutes. 
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The  elastic  limit  of  specimen  No.  26,  page  146,  as  shown  by  the 
stress-strain  diagram,  was  certainly  not  over  10,000  pounds.  As 
a  steel  of  the  composition  shown  by  the  wire  used  should  assume 
at  least  an  elastic  limit  of  80,000  pounds  by  this  treatment  in  a 
section  one-eighth  inch  by  one-eighth  inch,  the  only  explanation 
is  that  the  wire  or  a  considerable  portion  of  it  at  least  was  stressed 
beyond  its  elastic  limit  by  the  operation  of  straightening  in  the 
te.^ting  machine. 


/  'longa  7>  ON      /  i  r/k'/a/o// 
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This  might  at  once  suggest  the  possibility  in  the  testing  of  a 
specimen  of  ^n  wire  as  it  comes  from  the  reel  that  the  reason  no 
elastic  hmit  is  found  is  due  to  a  cause  similar  to  the  above.  To 
raise  this  point  is  entirely  reasonable,  but  there  is  other  evidence 
which  indicates  that  this  is  not  the  case.  It  is  known  that  straight- 
ening the  wire  carefully  before  testing  does  not  give  sufficiently 
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great  differences  in  physical  properties  to  warrant  the  conclusion 
that  the  wire  as  received  on  the  reel  is  an  elastic  body.  Further- 
more, permanent  sets  are  noted  in  this  material  under  very  low 
stresses,  and  also  the  microstructure  is  such  as  would  indicate  that 
the  anneal  given  this  wire  subsequent  to  its  last  drawing  must  have 
been  carried  out  at  a  very  low  temperature. 


From  what  can  be  learned  from  the  manufacturers,  this  wire  is 
made  by  a  combination  of  '* patenting''  and  '^drawing/'  The  last 
patent  annealing  operation  is  followed  by  considerable  reduction, 
so  that  the  process  by  which  the  wire  is  made  would  in  itself  show 
that  the  wire  was  coldworked  and  not  elastic.  To  be  perfectly 
elastic,  the  final  heat  treatment  operation  could  not  be  followed 
l)y  any  drawing  operation. 


BESEABCH. 


143 


144 


BESEABCH. 


BESEABCH. 


145 


146 


RESEABCH. 


RESEABCH. 


147 


148  KESEABOH. 

PERMANENT  SET  EXPEBDIENTS. 

The  foUowing  experiments  were  carried  out,  using  the  apparatus 
described  below.  Photograph  No.  3685  shows  the  various  parts 
assembled  for  an  experiment. 

The  tube  furnace  marked  ''A/'  which  had  a  length  of  60  centi- 
meters, was  constructed  from  a  one-half  inch  silica  tube  wound  with 
nichrome  wire,  the  wire  being  protected  by  alundimi  cement.  Exces- 
sive radiation  was  prevented  by  the  use  of  asbestos  pipe  covering 
and  sheet  asbestos 

After  the  wire  to  be  tested  had  been  passed  through  the  fxu'nace, 
a  loop  was  made  at  each  end,  the  upper  loop  for  atta^mient  to  a  bar 
which  rested  on  two  crosspieces  bolted  to  the  upright  guides  of  the' 
large  impact  machine,  while  the  lower  loop  served  as  a  means  of 
attachment  to  the  desired  weight.  The  rneostats,  switches,  and 
ammeter  for  controlling  the  current  supply  to  the  electric  fxu'nace 
are  located  on  the  table  at  D.  Temperatxu'es  were  measured  by 
means  of  a  platinimi  couple  and  a  portable  potentiometer,  the  poten- 
tiometer also  being  located  on  the  table  D. 

The  behavior  of  the  wire  was  noted  by  means  of  a  cathetometer 
C,  mounted  on  a  heavy  iron  base.  Fine  scratches  were  made  on  the 
wire  at  both  ends  of  the  fxu'nace  tubes,  and  served  to  define  the 
gauge  length  xised  in  each  experiment.  A  brief  outline  of  the  opera- 
tions necessary  for  the  performance  of  an  experiment  are  as  follows: 

Tlie  desired  wire  was  first  passed  through  the  fm^nace,  the  loops 
made  at  the  end  and  the  zero  load  suspended  to  the  wire.  The  zero 
load  was  in  aJl  cases  5,250' pounds.  Faint  scratches  were  then  made 
at  each  end  of  the  furnace  and  the  gauge  length  determined  by  the 
cathetometer  which  was  so  graduated  that  readings  coxild  by  taken 
to  0.005  of  a  centimeter.  iS  the  gauge  length  in  all  cases  was  over 
60  centimeters,  this  degree  of  accxu'acy  of  tne  cathetometer  was  all 
that  coxild  be  desired. 

After  the  gauge  length  had  been  determined  the  zero  load  was 
removed  and  the  desired  constant  load  to  be  xised  in  the  experiment 
was  then  applied  to  the  wire.  The  length  between  the  previoxis 
scratches  was  again  determined  and  the  mfference  between  the  two 
readings  gave  the  extension  of  the  wire  produced  by  the  load.  In 
a  great  nxmiber  of  experiments  this  loaa  was  left  on  the  wire  for 
periods  varying  from  24  to  72  hoxurs  before  the  wire  was  heated. 
Any  stretcmng  observed  xmder  constant  load  was  within  the  limits 
of  the  variations  caxised  by  changes  in  room  temperatxu'e  and  instru- 
mental errors. 

The  first  series  of  experiments  consisted  in  heating  one-eighth 
inch  square  wire  under  a  tension  of  60,000  pounds  per  square  inch 
to  different  maximum  temperatures.  The  rate  of  heating  was  kept 
as  near  constant  as  possible,  as  was  also  the  rate  of  cooling.  The 
wire  used  was  taken  directiy  from  the  coil  and  was  subjected  to  no 
previous  heat  treatment.  The  results  from  these  five  experiments  are 
shown  graphically  on  page  facing  148.  The  atecisssB  represent  tem- 
perature in  degrees  Cfentigrade,  and  the  ordinates  extension  of  the 
wire  in  centimeters.  A  detailed  explanation  will  be  given  of  this 
graph  so  that  the  curves  following  may  be  more  readily  xmderstood. 

The  condition  of  all  the  wires  under  the  zero  load  at  atmospheric 
temperatxires  is  represented  by  the  point  B,  or,  in  other  words,  the 
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fauge  length  was  made  when  the  wire  had  the  zero  weight  applied, 
rpon  application  of  60,000  pounds  per  square  inch,  the  wire  increased 
in  length  to  the  point  A.  Current  was  then  applied  to  the  furnace 
and  the  teinperature  of  the  wire  raised  to  any  desired  point.  The 
curve  A-C-D-E-F-G  shows  the  increase  of  length  of  a  heated  sec- 
tion as  the  temperature  was  increased.  A  very  decided  inflection 
occurs  in  the  region  of  C-F.  At  the  point  G,  the  curve  becomes  very 
nearly  parallel  to  the  Y  axis  from  which  it  can  readily  be  seen  that  a 
very  sEght  increase  of  temperature  would  produce  an  enormous 
extension  of  wire.  In  fact,  at  temperatures  above  450°  C.  the  wire 
was  very  plastic  and  deformation  proceeded  very  rapidly.  The 
observation  of  this  phenomenon  at  once  limited  the  experiments  to 
temiperatures  inferior  to  400°  C,  as  it  was  evident  that  such  behavior 
in  wire-wound  guns  would  be  disastrous. 

To  illustrate  the  phenomena  taking  place  on  cooling,  the  wire 
which  was  heated  to  approximately  300  C.  can  be  considered  in 
detail.  When  this  wire  nad  reached  its  maximum  temperature  the 
elongation  had  reached  the  point  shown  by  the  letter  D  on  the  curve. 
This  elongation  can,  for  convenience,  be  ascribed  to  three  factors, 
namely,  molecular  readjustment  (tempering),  rehef  of  previous 
strains  due  to  cold  work,  and  expansion  due  to  heat.  Upon  cooling 
to  room  temperature,  the  extension  is  shown  by  point  M.  The 
permanent  set  observed  is  represented  therefore  by  the  distance 
A-M,  which  is  0.08  centimeter.  As  the  original  extension  A-B  was 
0.15  centimeter  the  permanent  set  resulting  was  over  one-half  of  the 
original  extension  produced  by  60,000  pounds  per  square  inch  at 
room  temperature.  The  60,000  pounds  per  square  inch  load  was 
then  removed  and  the  zero  weight  apphed,  the  extension  then  being 
reduced  to  the  point  O,  the  permanent  set  under  zero  load  being 
represented  by  the  distance  B-0,  which  was  also  equal  to  0.08  centi- 
meters. The  permanent  set  figure  used  in  this  report  is  the  perma- 
nent set  resulting  when  the  wire  was  under  the  tension  used  in  the 
experiment,  that  is,  all  sets  were  measured  by  lines  similar  to  A-M 
in  preference  to  lines  similar  to  B-0,  as  the  latter  condition  would  be 
the  one  found  in  wire-wound  guns  a^  the  wire  is  wound  under  ten- 
sion and  takes  its  set  presumably  while  under  tension  during  an 
assembling  or  relining  operation. 

The  lines  D-M,  E-L,  F-J,  and  G-H  show  the  course  of  the  wire 
during  cooling,  the  permanent  set  being  measured  by  A-M,  A-L, 
A-J,  and  A-H.  One  of  the  striking  facts  is  that  these  lines  are  par- 
allel or  nearly  so,  and  the  fact  that  this  condition  exists  enables  one  to 
determine  the  permanent  set  resulting  at  any  temperature  shown  on 
the  curve.  Alt  that  is  necessary  to  do  this  is  to  pick  out  the  desired 
temperature  from  the  curve  and  draw  a  hne  parallel  to  E-L  or 
F-J.  The  permanent  set  can  then  be  determined  by  a  distance 
measured  parallel  to  the  Y  axis  similar  to  A-M.  The  parallelism  of 
these  lines  is  very  probably  due  to  the  fact  that  a  greater  portion  of 
any  molecular  transformation  or  relief  of  strains  due  to  cold-working 
has  taken  place  during  the  heating  operation,  and  that  in  cooling 
the  wire  has  followed  very  closely  the  laws  of  expansion  and  con- 
traction due  to  changes  of  temperature. 

An  inspection  of  the  data  submitted  by  Watervliet  Arsenal  con- 
cerning the  time  of  heating  used  in  assembling  and  relining  operations 
made  it  apparent  that  attempts  to  change  the  rate  of  cooling  would 
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not  be  necessary.  To  furtlier  elucidate  this  point,  the  time  of  heat- 
ing in  relining  the  Crozier  wire-wound  gun  was  nine  hours,  and  it 
seems  reasonable  to  assume  that  any  changes  in  structure  or  relief 
of  strains  in  the  wire  would  take  place  during  the  heating  operation, 
and  that  the  rate  of  cooling,  provided  that  it  was  not  suflSciently 
rapid  as  to  again  introduce  strains,  would  not  be  of  serious  impor- 
tance. To  further  illustrate  this  point  we  know  that  after  tempering 
a  piece  of  quenched  steel  at  600°  C,  additional  tempering  at  tem- 
peratures inferior  to  600°  C,  will  produce  little  if  any  change  in 
physical  properties,  unless  the  time  of  tempering  at  the  interior 
temperature  be  very  long. 

The  following  table  is  mtroduced  to  show  the  effect  of  temperature 
on  the  permanent  set  resulting: 


Temperature 
C°C). 

Elongation     » 

temperature. 

234 

294 
351 
416 
455 

0.145 
0.150 
0.140 
0.140 
0.150 

0.035 
0.080 
0.145 
0.495 
0.975 

The  next  series  of  experiments,  6,  8,  and  9,  were  carried  out  to 
determine  the  influence  of  the  rate  of  heating.  It  was  shown  in 
this  experiment  that  the  maximum  rate  of  heating  which  could  be 
obtained  in  the  furnace  employed  gave  results  so  nearly  identical 
with  those  in  which  the  rate  was  very  slow  that  one  rate  could  be 
used  throughout  the  experiments. 

The  character  used  to  locate  the  determined  points  in  experiment 
6  is  I,  for  experiment  8  • ,  and  for  experiment  9  □ .  An  examina- 
tion of  the  curve  on  page  facing  152  wiU  show  at  a  glance  that  all  the 
points  determined  Ue  for  the  various  rates  employed  on  essentially  the 
same  curve.  The  maximum  temperature  in  one  case  was  475°  C. 
and  at  this  temperature  the  elongation  was  exceedingly  rapid.  The 
current  was  at  once  turned  off  and  upon  cooling  down  it  was  observed 
that  the  wire  had  necked  down  preparatory  to  fracture. 

The  following  three  series  of  tests  were  carried  out  on  wire  taken 
directly  from  the  coil.  The  tension  was  varied,  being  60,000  pounds 
in  tests  10,.  10a,  11,  12,  and  13;  47,500  poimds  in  tests  42  to  46;. and 
37,500  pounds  in  tests  37  to  41.  Bearing  in  mind  that  the  two 
preliminary  series  brought  to  hght  that  the  rate  of  cooHng  need  not 
necessarily  be  varied;  secondly,  the  rate  of  heating  was  a  factor 
exceedingly  hard  to  properly  vary;  and  third,  that  wnen  the  rate  of 
heating  did  not  exceed  approximately  three  hours  it  was  without 
serious  influence,   the  following  course  was  adopted. 

The  procedure  consisted  in  heating  the  wire  to  the  desired  tempera- 
ture, holding  it  at  this  temperature  six  hours,  and  then  cooling  in 
the  furnace.  It  can  be  safely  considered  that  this  represents  the 
most  extreme  condition  to  be  met  in  the  assembhng  or  relining  of  a 
wire-wound  gun,  and  furthermore,  it  will  represent  also  as  favorable 
a  condition  as  can  be  hoped  to  be  attained  especially  on  guns  of 
large  caliber. 
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Considering  in  detail  the  tests  in  which  the  load  was  60,000  pounds, 
page  152,  it  is  to  be  noted  that  elongations  were  produced  by  hold- 
ing six  hours  at  the  maximum  temperature.  Taking  the  wire  which 
was  heated  to  221°  C.  for  example,  the  extension  produced  by  the 
original  load  at  room  temperature  is  represented  by  the  line  A-B. 
The  extension  produced  by  heating  is  shown  by  the  curve  B-C. 
The  extension  produced  by  holding  six  hours  at  the  maximum  tempera- 
ture is  shown  by  the  Une  O-D.  The  course  of  the  wire  on  cooUng 
is  shown  by  the  line  D-E,  and  the  permanent  set  resulting  is  meas- 
ured by  the  distance  B-E.  To  offset  any  objection  which  may  be 
raised  concerning  the  adoption  of  methods  in  which  the  assembling 
or  relining  operation  is  carried  out  quickly  and  the  gun  does  not 
have  to  be  held  at  the  maximum  temperature,  it  is  desirable  to 
state  that  almost  the  entire  extension  which  occurs  in  the  wire, 
especially  at  low  temperatures,  takes  place  on  heating  up  and  the 
flrst  few  minutes  after  the  wire  has  been  at  the  maximum  tempera- 
cure.  This  indicates  that  change  of  structure  and  relief  of  strains 
take  place  very  rapidly,  and  a  long  time  is  not  required  for  this 
readjustment.  The  points  D-G-J-M  and  P  have  been  connected 
in  a  curve  so  that  the  permanent  set  resulting  from  heating  to  a 
given  temperature  and  holding  at  this  temperature  six  hours  can  be 
determined  in  the  manner  previously  described,  that  is,  by  drawing 
a  line  parallel  to  the  cooling  hues  such  as  M-N,  P-Q,  etc. 

The  curve  on  page  153,  plotted  from  tests  in  which  the  constant 
tension  was  47,500  pounds,  differs  from  the  previous  curve  in  that 
the  permanent  set  occurring  at  a  different  temperature,  is  decidedly 
less.  This  is  largely  brought  about  by  the  fact  that  the  six-hour 
treatment  at  the  maximum  temperature  did  not  produce  so  much 
effect  in  the  wires  on  which  the  load  was  small.  The  same  remarks 
will  apply  to  the  experiments  which  are  plotted  on  page  154  in  which 
the  load  was  37,500  pounds  per  square  inch.  With  this  tension 
of  winding,  very  small  sets  would  occur  when  the  temperature  was 
inferior  to  221°  C.  This  would  point  to  the  fact  that  if  our  present 
construction  is  continued,  the  proper  course  to  pursue  would  be  to 
use  a  minimum  winding  tension  with  as  low  assembUng  and  relining 
temperatures  as  possible. 

The  following  table  is  introduced  to  show  the  influence  of  the  con- 
stant load  on  the  resulting  permanent  set: 


TemT)eratiire 

(*^C.). 

Per  cent  set  of  original  gauge  length. 

37,500  pounds. 

47,500  pounds. 

60,000  pounds. 

228 
222 
230 
271 
271 
271 
300 
300 
302 
351 
350 
350 
373 
373 
373 

0.033 
.083 
.125 
.208 
.275 

0.050 
.108 
.142 
.258 
.317 

0.075 
.142 

• 

.192 
.333 
.542 
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The  per  cent  elongation  produced  by  the  load  in  each  case  was 
approximately  as  follows: 

Per  cent. 

60,000  pounds 0.220 

47,500  pounds 170 

37,500  pounds 130 

It  is  very  evident  that  increasing  load  and  increasing  temperature 
both  increase  the  permanent  set. 


From  an  inspection  of  the  curves,  the  following  general  conclusion 
seems  justified.  If  the  present  practice  of  using  square  gun  wire  is 
continued  and  a  cold- worked  wire  is  used,  the  winding  tension  should 
be  as  low  as  possible  and  the  temperature  of  assembling  or  relining 
very  low.  Ii  the  tension  of  winding  is  37,500  pounds  per  square 
inch  or  less,  and  the  assembling  or  relining  temperature  less  than 
150°  C.  or  302°  F.,  the  permanent  set  in  all  probability  would  be  less 
than  10  per  cent  of  the  original  extension  of  the  wire. 
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Tests  16  and  17,  curve  on  page  157,  were  carried  out  on  the  wire 
which  was  annealed  at  600°  C.  one  hour  in  the  coil,  should  be  com- 

¥ared  with  curve  B-F-G-H,  page  152,  and  curve  B-O-P-Q,  page  152. 
his  treatment  has  served  to  materially  lessen  the  permanent  set 
resulting  by  heating  to  a  given  temperature  under  a  constant  tension. 
This  is  largely  due  to  the  fact  that  a  molecular  readjustment  was 
brought  about  by  the  previous  anneal  at  600°  C.  This  anneal  was 
not  sufficiently  hi^h,  however,  to  give  us  a  wire  having  an  elastic  limit 
when  straight  which  would  be  superior  to  the  load  applied  to  the  wire 
at  all  the  temperatures  in  the  experiment.  A  similar  test  was  carried 
out  on  wire  which  had  been  annealed  at  450°  C.  for  one  hour.  The 
permanent  sets  resulting  were  similar  to  those  experienced  in  the 
wire  which  had  been  annealed  at  600°  C.  The  curves  for  tests  16  and 
17,  page  157,  and  tests  14  and  15,  page  156,  make  a  very  interest- 
ing comparison. 


[Load  on  wire= 

=60,000  pounds.] 

• 

Treatment. 

1 

Per  cent  set  of 

original  gauge 

length. 

Temperature 

Wire  from  coil 

0.142 
.542 
.050 
.257 
.068 
.242 

1 

271 
373 
271 
373 
271 
373 

Do 

Ann^nfiiAfi  1  hmn  at  450°  C  in  coil 

Do 

Annealed  6  hours  at  600"  C.  in  coil 

Do 

1 

The  above  table  shows  the  decided  improvement  brought  about  by 
annealing  the  wire  below  the  critical  range. 

Test  19,  page  158,  was  performed  on  a  piece  of  wire  which  had  been 
heated  to  800°  C.  in  the  coil  and  cooled  in  air.  The  first  point  to  be 
noted  in  connection  with  this  test  is  that  the  extension  A-B  produced 
by  the  60,000  pounds  pjer  square  inch  at  atmospheric  temperature, 
is  approximately  five  times  that  observed  when  the  wire  is  taken 
from  the  coil.  This  is  explained  by  the  fact  that  although  this  treat- 
ment had  made  the  wire  perfectly  elastic  in  the  coil  form,  the  mere 
operation  of  straightening  is  sufficient  to  take  the  outside  fibers  be- 
yond the  elastic  limit.  This  was  not  enough  cold-worked,  however, 
to  stiffen  the  wire,  as  is  the  case  of  the  wire  on  the  reel  as  received, 
and  consequently  an  exceedingly  great  elongation  was  obtained. 

The  curve  on  heating  was  very  straight  until  a  temperature  of 
approximately  350°  C.  was  reached,  when  a  decided  deflection  occurs. 
Tlie  permanent  set  in  this  wire  was  measured  by  the  distance  B-B. 
Although  the  ratio  of  the  fine  B-E  with  the  hne  B-A  is  small,  and  a 
study  of  the  ratio  figures  might  lead  one  to  think  that  this  was  a 
desirable  treatment,  such  is  not  the  case,  as  it  is  very  evident  that 
the  wire  was  taken  beyond  its  elastic  hmit  by  the  operation  of 
straightening,  and  consequently  this  would  be  the  case  if  such  a 
wire  was  wound  on  a  gun  from  a  previous  straight  condition. 

Test  No.  18,  curve  on  page  159,  was  carried  out  on  wire  which 
was  heat  treated  so  that  it  was  in  the  straightened  condition.  This 
was  the  first  of  a  series  of  tests  which  was  carried  out  on  similar 
wires.  The  physical  test  on  this  wire  gave  an  elastic  limit  of  65,000 
pounds,  and  as  the  load  on  the  wire  was  60,000  pounds,  it  is  very 
reasonable  to  suppose  that  at  a  very  low  temperature  the  elastic  limit 
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of  the  wire  was  brought  to  a  point  inferior  to  that  of  the  load  on 
the  wire,  and  elongation  ensued.  The  permanent  set  measured  by 
the  distance  B-E  was  very  ereat,  and  it  was  evident  that  if  heat- 
treated  wire  was  used  for  ^ndiiag  guns  it  must  have  an  elastic 
limit  of  such  a  value  that  the  heating  operation  necessary  for  assem- 
bling or  reUning  will  not  lower  it  beyond  the  maximum  stresses 
occurring  in  the  wire  when  the  gun  is  at  rest. 
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Tests  Nos.  20  and  21,  shown  graphically  on  page  160,  were  con- 
ducted on  wire  having  an  elastic  hmit  of  approximately  70,000  pound-^ 
per  square  inch.  The  course  of  this  wire  during  heating  was  very 
interesting.  At  some  point  between  100  and  150°  C.  the  elastic 
limit  of  the  material  must  have  become  inferior  to  the  load  on  the 
wire,  and  a  rapid  stretching  resulted.  At  some  temperature  slightly 
greater  than  200°  C.  the  wire  seemed  to  stiffen  and  much  less  stretch- 
ing was  observed.     The  permanent  set,  as  might  be  expected  from 
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such  behavior,  was  very  great.  The  same  phenomena  were  observed 
on  the  wire  which  was  heated  to  271°  C.  and  held  six  hours.  The 
break  occurring  between  100  and  150°  C.  was  not  so  marked,  but 
a  certain  stiffening  did  occur  between  200  and  250°  C,  as  was  the 
case  with  the  other  wire.  These  experiments  were  conclusive  thet 
the  factor  of  safety  of  10,000  pounds  was  not  at  all  sufficient  at 
insure  that  the  elastic  Umit  would  not  be  exceeded  at  some  timo 
during  the  heating  operation. 
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Tests  No.  22  and  No.  23,  curves  on  page  161,  were  carried  out  on 
wire  whose  elastic  limit  was  in  the  neighborhood  of  75,000  pounds 
per  square  inch.  These  wires  behaved  very  much  better  than  the 
ones  having  a  lower  elastic  limit,  and  the  decided  break  in  the  curve 
is  absent.  Less  set  was  observed  than  in  wire  similarly  tested  a» 
taken  from  the  coil. 
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Tests  No.  47  and  No.  48,  curves  on  page  162,  show  similar  phe- 
nomena to  that  exhibited  by  the  curves  of  experiments  No.  20  and 
No.  21,  page  160,  or  in  other  words,  the  elastic  limit  of  the  wire  was 
reduced  to  apoint  below  that  of  the  applied  load  and  rapid  stretching 
occurred.  This  rapid  stretching  was  followed  by  subsequent  stiffen- 
ing of  the  wire.    The  wire  used  in  this  test  had  an  elastic  Umit  of 


79,000  pound)  per  square  inch,  and  was  straightened  in  the  heat- 
treating  operation.  From  the  character  of  the  curve,  large  perma- 
nent sets  would  be  expected  at  any  temperature  greater  than  200°  C. 
Tests  Nos.  49,  50,  and  51  were  conducted  on  heat-treated  wire 
having  fin  elastic  limit  of  75,000  pounds  per  square  inch,  and  the 
results  are  shown  graphically  on  page  163, 
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A  comparison  of  the  permanent  sets  resulting  from  this  experi- 
ment and  those  resulting  from  heating  the  cold-drawn  material  to 
the  same  temperatures  under  the  same  loads  is  shown  below: 


Wire  used. 


Wire  from  coil 

Heat-treated  wire 
Wire  from  coil... 
Heat-treated  wire 

Wire  from  coil 

Heat-treated  wire 


Tempera- 
ture c  c). 


373 
373 
300 
300 
271 
271 


Per  cent  set  of 

original 
gauge  length. 


/SO 


200 


2SO 


300 


35Q 


•'  In  the  experiments  where  the  wire  was  not  heated  to  more  than 
300®  C,  the  permanent  set  in  the  heat-treated  wire  was  approximately 
10  per  cent  of  the  cold-worked  wire. 
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Experiments  Nos.  53  and  54,  the  results  of  which  are  shown  graphi- 
cally on  page  164,  were  conducted  on  wire  annealed  at  450  C.  for 
one  hour,  or  in  other  words,  on  wire  annealed  below  the  critical 
point.  The  permanent  sets  obtained  were  quite  large  but  were 
smaller  than  those  obtained  on  wire  taken  directly  from  the  coil  and 
heated  to  the  same  temperatures  under  constant  load. 


In  tests  Nos.  24  and  25,  page  165,  the  wire  used  had  an  elastic  limit 
of  80,000  pounds  per  square  inch,  and  as  the  load  on  the  wire  was 
37,500  pounds  per  square  inch,  a  good  margin  of  safety  existed 
between  the  load  and  the  elastic  limit.  The  sets  observed  were  very 
small  and  attention  is  invited  to  the  previous  curve  shown  on  page 
164,  representing  test  made  on  wire  from  the  coil.  A  decided  im- 
provement has  resulted  by  heat  treating  the  wire  in  regard  to  its 
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taking  permanent  sets  when  heated  under  tension.  In  fact,  the  set 
obtained  by  heating  the  wire  to  271°  C.  and  then  holding  for  six 
hours  is  so  small  that  it  could  probably  be  ascribed  to  errors  occurring 
in  the  experiment.  The  direction  of  the  line  B-C-D,  curve  43, 
page  153,  as  compared  with  the  direction  of  the  line  B-C~F-I-L-0, 
page  153,  is  evidence  in  itself  that  the  molecular  readjustments  occur- 


ring on  heatmg  m  tne  treated  wire  are  decidedly  smaller,  if  present 
at  all. 

Tests  26  and  27,  page  166,  tests  28  and  29,  page  167,  tests  30  and 
31,  page  168,  and  tests  32  and  33jpage  169,  are  all  similar  to  the  experi- 
ments previously  descrived.  The  physical  properties  of  the  wire 
used  can  be  obtained  by  reference  to  the  table  facing  page  170. 
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The  facts  to  be  deduced  simply  confirm  those  previously  discussed, 
namely,  that  the  wire  when  heat  treated  so  that  its  elastic  limit  at 
all  stages  will  be  superior  to  the  load  applied  to  the  wire,  will  give  a 
decidedly  less  permanent  set  upon  test  than  wire  similarly  tested  in 
the  cold-worked  condition. 

The  following  tables  give  a  record  of  all  the  significant  tests  and 
the  data  obtained  therein. 


S8J»a^\jji 


200 

Temp,  *0 

The  first  column  shows  the  number  of  the  test,  the  second  column 
shows  the  history  of  the  wire  used  in  the  test,  namely,  whether  it  was 
tested  as  received  or  whether  it  had  been  subsequently  treated  at 
this  arsenal.  The  next  two  columns  show  the  physical  properties 
of  the  wire  which  were  determined  in  the  customary  manner  by  the 
use  of  an  extensometer  on  a  section  approximately  30  inches  long 
with  a  gauge  length  of  10  inches. 

The  column  headed  ''Load  on  wire  during  test^'  indicates  the 
constant  load  employed  when  the  wire  was  heated  in  order  to  deter- 
mine the  permanent  set  occurring. 
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The  column  headed  '^Per  cent  elongation  produced  by  load" 
refers  to  the  elongation  produced  by  the  constant  load  at  atmospheric 
temperatures. 

Tne  columns  headed  ''Time  of  heating  at  maximimi  temperature/' 
''Time  at  maximum  temperatures,"  "Time  of  cooling,"  and  "Gauge 
length"  each  are  self-explanatory.    The  "Elongation  in  centimeters 
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during  heating"  refers  to  the  elongation  produced  in  the  wire  by 
heating  from  atmospheric  temperature  to  the  maximum  temperat'm-e 
employed  in  the  experiments. 

''Elongation  in  centimeters  at  maximum  temperature"  refers  to 
the  elongation  produced  by  heating  the  wire  at  the  maximum 
temperature  for  the  time  specified  in  the  column  headed  "Time  at 
maximum  temper atxu:e. 
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The  column  headed   ''Per  cent  set  of  original  gauge  length 
requires  some  explanation.     It  is  very  evident  from  the  previoi 
description  of  the  apparatus  employed  that  the  ^auge  marks  on  ti 
wire  must  f ali  on  the  outside  oi  the  furnace  or,  m  other  words,  th 
entire  gauge  length  was  not  heated.    The  length  of  the  furnace  wa 
60  centuneters,  and  although  a  decided  temperature  gradient  existe* 
at  the  ends  of  the  heating  unit,  60  centimeters  was  used  as  the  has 
in  computing  the  per  cent  set  of  the  original  gauge  length.    As  th 
temperatures  were  measured  in  the  midcfle  of  the  tube  and  from  ex 
pediment  it  was  determined  that  not  over  40  centimeters  were  a 
the  maximum  temperature,  all  of  these  figures  "will  be  low,  or  il 
otier  words,  a  greater  permanent  set  would  have  occurred  if  th< 
entire  gauge  lengtli  coula  have  bejan  uniformly  heated. 

A  column  has  oeen  introduced  marked 

Ratio  of 


per  cent  set  after  cooling. 


r  '  ^  per   cent   elongation   produced   by  load. 

Tl\is  ratio  gives  a  very  convenient  means  of  comparing  the  effecitve- 
ness  of  any  heat  treatment  employed  in  lessening  the  set  or  the 
influence  oi  any  factor  in  producmg  a  set.  In  case  the  per  cent  set 
after  cooling  is  zero,  the  value  of  tne  ratio  will  bj3  zero.  '  When  the 
value  of  the  ratio  is  one,  the  wire  has  acquired  a  permanent  set  equal 
to  the  original  elongatioi^  produbed  at  room  temperature  by  the 
applied  load.  If  the  wire-  is  free  to  change  in  lengtn,  this  ratio  will 
also  convey  an  idea,  of  the  amount  by  which  the  wmding  tension  will 
be  lessened,  due  to  any  hjeating  operation  in  a  gun. 

As  experiments  have  beien  previously  discussed  in  connection  with 
the  curves  submitted,  no  further  remarks  need  be  made  from  the 
table.  If  any  curve  is  of  particular  interest,  the  significant  data  can 
be  found  at  once  by  reference  to  this  table. 

In  thel  following  'table  the  several  experiments  have  been  arranged  in 

J       X  xii    '    1        *  XT.       X-  per  cent  set  after  cooling. 

order  of  the  value  of  the  ratio  -- — : — 4 — i r — j — ^f-?" — i — ij~ 

per  cent  elongation  produced  by  load. 

As'  previously  pointed  out,  this  ratio  is  a  convenient  means  of  com- 
paring the  permanent  set  taken  by  the  wire  during  the  course  of 
an  experiment.  When  the  value  of  the  ratio  is  0,  no  permanent 
self  was  present,  >and  when  the  value  of  the  ratio  was  1,  the  perma- 
nent^,  set  observed  in  the  wire  at  the  close  of  the  experiment  was 
equal  to  the  elongation  produced  by  the  load  in  the  particular  experi- 
ment *  considered.  The  maxiinum  value  which  this  ratio  could 
reftch  in  ajssembUng  or  relining  operations  could  not  at  the  present 
time  be  determined,  although  it  is  very  evident  that  the  computed 
cojnpre.ssion  of  thie  bore  wifl  not  be  retained  when  the  value  of  the 
ratio  is  greater  than  zero. 

The  first  four  experiments  in  the  list, — 27,  25,  31,  and  33, — give  a 
maximum  value  for  this  ratio  of  0.068.  Experiment  No.  27  is  the 
only  one  in  which  the  value  of  the  ratio  is  zero.  Consideration  of 
these  four  experiments  shows,  first,  that  the  maximum  temperature  of 
heating  did  not  exceed  271°  C.  or  520°  F.,  second,  the  loaa  in  pounds 
per  square  inch  on  the  wire  is  37,500  pounds,  and  third,  which  is  in 
all  probabiUty  the  most  important,  the  wires  were  all  heat  treated. 
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hafd  a  true  elastic  limit,  and  were  used  in  the  permanent  set  experi- 
ments without  the  necessity  of  being  straightened,  thus  insuring  a 
tmiform  fiber  stress. 

Preyipus  experiments  on  the  influence  of  temperature  on  the 
elastic  limit  indicate  thd,t  an  increase  of  temperature  causes  a  decrease 
in  the  value  of  the  elastic  limit.  ^  AU  of  the  wires  used  in  thd  first 
four  ekj^riments  had  an  elastic  limit  of  approximately  '80,000 
poun<b^per  square  inch.  The  inevitable  conclusions  woujab'id  that 
at  no  time  during  the  coinrse  of  the  experiments  did  the  temperature 
reach  a  value  wfich  would  reduce  the  elastic  limit  of  the  wire  to  a 

Eolnt  inferior  to  the  constant  load  under  which  the  wire  was  being 
eated. 

The  next  three  experiments  in  order  are  51,  29,  and  50;  experiment 
No.  50  showing  the  ratio  value  of  0.155.  This  was  also  a  heat-treated 
wire  and  the  constant  load  used  in  the  experiment  was  47,500  pounds. 

Experiments  Nos.  15  aiid  17  show  a  ratio, value  of  0.21  j  These 
two  experiments  are  of  particular  interest  when  compared  with 
experiment  10a,  in  which  the  ratio  value  is  0.65..  The '  conditions 
of  tiie  two  experiments  were  identical  with  the  exception  that  the 
wire  used  in  experiments  15  and  17  had  previously  been  annealed,  in 
one  case  at  450®  C.  and  the  other  at  600®  C,  whereas  the  wire  used 
in  10a  was  t^en  directly  from  the  Qpil  and  represents  the  condition 
of  the  wire  on  our  present  wire-wound  euns.  It  is  evident  that 
annealing  the  wire  at  450®  C.  was  of  material , benefit j- as  the  pemjianent 
setrpsylting  by  ^the  same  treatment  under  tlie  same  load  was  approxi- 
mately one-third  that  obtained  with  the  untreated  wire. 

Test  No.  32,  sliowing  a  ratio  value  of  0.22,  differs  from  experimeikt 
No.  31,' showing  a  ratio  value  of  approximately  0.07,  in  so  far  as  tHe 
maximum  temperature  of  heating  was  apbroximately  100  degrees 
higher  than  experiment  No.  31.  With  otner  conditions  constant, 
an  increase  in  Hie  temperature  of  heating  of  approximately  100  degrees 
has  increased  the  resulting  permanent  set' approxiniately  three  timds. 
This  fact  would  have  no  direct  bearing  on  the  possible  relining  tem- 

Keratures  to  be  used  in  guns  already  manufactured,  as  the  wire  in 
oth  of  these  experiments  was  heat  treated  in  such  a  way  that  the 
true  elastic  limit  had  been  developed.  -  f 

\  Experiments  Nos.  32, .41,  i^nd  24  also  make  an  interesting  com- 
piarison,  the  value  of  the  ratip  being  approiimately  the  same  i^  tl^e 
three  experiments.  Exjlerimejnts  Nos.  32  and  24  were  carried  out  on 
hierfJ^trea'ted  wire  with  the  known  true  elastic  limit,  the  maxiiniun 
tWpetature  Used  in  the  experiments  being  373®  C.  Experitoeijit 
No.  41vwas  carried  out  on  wire  taken  from  the  coil  as  received  from  the 
manufactiu*erjr,and  gave  the  saime  permanent  set  when  heated  to  pnly 
228®  C.  Consideration  of  thjese  three  experiments  alone  slioWs  a 
niost  pronounced  benefit  fesuliing  in  the  use  of  a  wire  which  iwas  in 
an  elEtstic  condition  and  not  cold  drawn. 

Such  comparisons  as  outlined  above  can  be  made  in  great  number 
from  the  table  under  discussion.  This,  however,  is  not  considered 
essential,  since  the  main  facts  are  evident  and  can  be  set  forth  as 
follows: 

To  reduce  the  value  of  the  ratio  to  zero  or  nearly  so: — 
First.  The  temperatm'e  to  which  the  wire  is  heated  should  be  as 
low  as  possible. 
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Second.  The  tension  on  the  wire  should  be  reduced  to  the  lowest 
possible  value. 

Third.  The  wire  should  be  in  a  perfectly  elastic. condition  and  not 
cold  worked. 

The  first  two  factors  can  be  brought  about  in  future  design/  and 
the  last  factor,  which,  is  by  far  the  most  important,  can  be  brought 
about  by  modifying  the  specifications,  changmg  the  shape  of  the  wire 
from  a  square  to  a  ribbon  form,  and  demianding  a  heat-treated  wire 
in  a  sprbitic  condition. 

TEST  ABBANGED  IN  OBDEB  OF  INCBEASINa  VALUE  OF  BATIO. 

Per  cent  set  after  cooling. 

Per  cent  elongation  produced  by  load. 


No. 
of 

test. 

Ratio: 
Per  cent  set  after  oooUng. 

^a3d- 
mum 
temper- 
ature of 
heating 
(•  C). 

Load 
(pounds). 

,     .            Treatment. 

Per  cent  elongation  pro* 
duced  by  load. 

27 

25 

31 

33 

51 

29 

50 

15 
17 

32 

41 
24 

4 

54 

10 
46 
19 
28 

49 

23 

30 

26 

45a 

2 

10a 

0.000 

.064 

.068 

.068 

.104 

.147 

.156 

.212 
.216 

.223 

.236 
.266 

.268 
.290 

.329 
.333 
.334 
.362 

.471 

.474 
!490 
.637 

.558 

.504 
.654 

271 

271 

271 

271 

271 

271 

300 

271 
271 

373 

,    228 
373 

234 
271 

230 
222 
373 
373 

373 

271 

373 

373 

271 
204 
271 

37,500 

37,500 

'37,500 

37,500 

47,500 

37,500 

47,500 

60,000 
60,000 

37,500 

37,500 
37,500 

60,000 
47,500 

60,000 
47,500 
60,000 
37,500 

47,500 

60,000 

37,500 

37,500 

47,500 
60,000 
60,000 

1,000-4-10;  air  blast  up;  1,200  pdunds 

on  wire. 
800—1—10;  air  blast  down;  1,200  pounds 

on  wire. 
800-2— 30;  air  bl^t  up;  2,000  pounds  on 

wire. 
SOO— 1— 10;  air  blast  ^up;  2,000  pounds  on 

wire. 
1,000-4—10;  air  blast  up;  2, 000  pounds 

on  wire. 
800—1—10;  air  cooled;  2,P0O  pounds  on 

wire. 
1,000-4-10;  air  blast  up;  2,000  pounds 

on  wire. 
Annealed  in  coil  450*  C;  1  ho^r. 
Annealed  in  coil  600*  C;  1  hour;  furnace 

cooled 
800-4- 10;  ft^  blast  up;  2,000  pounds  on 

wire. 
Wire  from  coil. 
800—4—10;  air  blast  down;  1,200  pounds 

0^  wire. 
Wire  from  coil;  not  straightened. 
Annealed  in  coil  450*  C;  1  hour;  furnace 

Wire  from  coil;  not  straightened. 

Do. 
800*  C.  in  coil;  cooled  in  air. 
800—4—10;  air  coQled;  2,t)00  pounds  on 

wire. 
1,000—4—10;  air  blast  up;  2,000  pounds 

on  wire. 
800—2—30;  air  cooled;  2,000  pounds  on 

wire. 
800-2^30;  air  blast;  9,000  pounds  on 

wire. 
1,000-4—10;  air  blast  up;  1,200  pounds 

on  wire. 
Wire  from  cdD;  not  straightened. 
Do.                                 • 
Do. 

•                   1 

J 
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No. 

of 

test. 

Ratio: 
Per  cent  set  after  cooling. 

Maxi- 
mum 
temper- 
ature of 
heating 

Load 

(pounds). 

Treatment. 

Per  cent  elongation  pro- 
duced by  load. 

40 
30 
11 
43 
16 

53 

3 

31 

14 

13 
33 

44 
43 
38 

18 

6 
37 
13 

1 

9 

48 

30 

47 

5 
8 

a763 
.833 
.834 
.845 
.898 

1.030 
1.158 
1.188 

1.335 

1.376 
1.384 

1.50R 
1. 733 
1.777 
3.040 

3.073 

3.300 

3,733 

3.91 

3.947 

4.03 

4.170 

4.57 

7.33 
33.58 

371 
300 
303 
300 
373 

373 
351 
371 

373 

350 
373 

350 
373 
351 
373 

416 
373 
373 
416 
448 
373 

373 

395 

455 
477 

37,500 
37,500 
60,000 
47^500 
60,000 

47,500 
60,000 
60,000 

6a,ooo 

60,000 
60,000 

47,500 
47,500 
37,500 
60,000 

60,000 
37,500 
60,000 
60,000 
60,000 
47,500 

60,000 

47,500 

60,000 
^  60,000 

Wire  from  coil;  not  straightened. 
Do. 
Do. 
Do. 
Annealed  in  coil  450*  C.  1  hour;  furnace 
oo61ed. 
Do. 
Wire  from  coil;  not  straightened. 
800-3-30;  air  coded;  1,300  pounds  on 

wire. 
Annealed  in  coil  450*  C.  1  hour;  furnace 

cooled. 
Wire  from  coil;  not  straightened. 
800—3—30;  air  cooled;  3,000  poimds  on 

wire. 
Wire  from  ooil;  not  straightened.  ' 
Do. 
Do. 
800±35*,  air  cooled;  heated  by  gas  flame; 

750  pounds  on  wire. 
Wire  from  coil;  not  straightened. 
Do. 
Do. 
Do. 
Do. 
800— i— 10;  air  blast  up;  1,300  poimds  on 

wire. 
800—3—30;  air  cooled;  1,300  pounds  on 

wire. 
800— i— 10;  air  blast  up;  1,300  pounds  on 

wire. 
Wire  from  coil;  not  straightened. 
Do. 

MICBOSCOPIGAJL  EXAMINATION. 

The  analysis  of  the  one-eighth  inch  square  gun  wire  was  made 
and  the  results  are  as  follows: 

Chemical  analysis. 

Per  cent. 

Carbon 0. 79 

Manganese .' 38 

Silicon - 185 

Sulphur..... 043 

Fhofiphorus.; , 036 

A  heating  and  cooling  curve  was  also  taken  to  determine  the 
exact  location  of  the  critical  points.  The  curvie  on  the  following 
page  shows  one  well-marked  point  occurring  at  705®  C.  on  heating 
and  the  reverse  of  this  point  at  660®  Q.  on  cooling. 

A  nuniber  of  micro-examinations  were  made  on  many  sections, 
and  a  few  representative  samples  are  shown.  All  of  these  represent 
a  magnification  of  500  diameters.. 

The  main  features  to  be  noted  at  present  are,  that  in  all  specimens 
heated  above  the  critical  range,  the  distorted  structiu*e  due  to  cold 
working  has  been  removed. 

The  progressive  change  of  structure  brought  about  by  annealing 
below  tne  range  is  also  of  interest. 
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MICROGRAPH  NO,  36B6. 
e  ci^d-worlied  structure. 


MICROGRAPH   NO.  3687. 


a  to  BOO"  C.  and  cooled  In  furnace.     The  Blongatlo 

IntdrmlnilBd    with   sorbite.     The   four 

rograpfis   Noa.   ?688,   ^689,  3686,  3687  show.  fifSt,  t 

J  tins   by  annea   rg   1    hour  at  4S0°   C,   wtilch    s  b 

slow 'the  crillcBl  ranie:  third.' Mructurs 

.Iting   by  a-inMllnj   1    fiour  at  60Q-  C.   which  Is  al 

:al  range  followed  by  air  cooling. 

MICROGRAPH   NO.  36S8. 


snt.  a>  recelvea  from  tha  manutacturer.     It  Is  very  evident  trom  this  mlcrogrsph  thai 
I  sianiBlion  of  the  constiluente  due  to  drawing  Is  vary  marked. 
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MICROGRAPH  NO.  36B9. 


itrength  assoclaled  with  the  appsarancs  oi 


*    C— 2  inche9~'30  Inchaa.     1,250  pounds   per  squara   Inch  on   w)r«.     Coaled   ii 
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MICROGRAPH   NO.  3692. 
inchss— 30   inches,     2.000   pounds   per   square   Inch 


ifJRAPH   NO.'3695. 

are  Iron  on  wire.     Cooled  In  air.     Structurs  Is  tlmliar 


Traces  of  pearllts  ara  apparant.    Soma  or  xf 
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ICROGRAPH   NO,  3696. 

-8   nch  on  wite.     Air  blast  directed  upward. 


MICROGRAPH  NO.  3697. 
1000°    C.-II2    lncn-10  Inches.    1.150  pounds  on  wire.     Air  blait  dlrectsd  upwafd.    Structure 
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CAIiCUI.ATIDN8. 

Let  d  =  thickness  of  wire. 

P  =  proportional  limit  of  material  comprisinjg  ¥rire  in  tension. 
Pi = proportional  limit  of  material  comprising  ¥rire  in  com- 
pression. 
M= modulus  of  elasticity  of  wire. 
r~  radius  ot  coil  on  which  wire  is  to  be  wound. 

Assume  neutral  plane  of  wire  on  bending  around  coil  to  be  located 

from  inside  and  outside  fibers. 


A/ 


B  neutral  pUne 
C 


If  the  free  movement  of  inside  fibers  can  not  take  place  along 
circumference  27rr  the  neutral  plane  will  be  shifted  toward  CCj.  H 
all  movement  is  prevented  along  circumference  2irr,  neutral  plane 
will  be  CCj.  The  most  favorable  condition  would  be  to  maintain 
neutral  axis  along  BBj.  Therefore  the  following  calculations  are 
made  on  this  assumption,  and  the  result  of  the  shifting  of  the  neutral 
plane  discussed  later. 


Assiune  wire  so  treated  when  straight  that  all  fibers  are  free  from 
strain. 

31082—18 20 
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Condition  of  cibove  wire  when  wound  on  reel  of  radius  r. 
Consider  first  outside  fibers: 
Length  of  wire  along  neutral  axis  =  2ir(  r-f  ^) 
»  Length  of  wire  along  outside  fibers  =  2T(r  +  d) 
Increase  of  length  of  outside  fibers  =  2t  (r  +  d)  —  2irt  r  +  o  ) 


2T(r  +  d)-2i/r  +  ^) 


— 7 j^r M= strain  in  outside  fibers. 

d 


M= strain  in  outside  fibers 


2^  +  ^  (tension). 

In  winding  wire  on  reel  or  on  gun  tube,  d  is  sufficiently  small  com- 
pared to  2r  that  ^    .  j  can  be  written  -^ 

rt— M  =  X=strain  in  outside  fibers. 
2r 

Considering  inside  fibers : 

2Tr-2i/r+2) 

-M= strain  in  inside  fibers. 


■■<'4) 


M= strain  in  inside  fibers. 


2r  +  d 


—  fr-M  =  Xi=  strain  in  inside  fibers. 
2r  ^ 

For  conditions  of  perfect  elasticity  on  reel, 

X  must  be  equal  to  or  less  than  P 
Xj  must  be  equal  to  or  less  than  Pi 

For  practical  working  conditions  on  reel, 

X<P 

and 
X.<P. 

Example. 

Gun  wire  i  inch  square. 

Treated  when  straight  to  obtain  the  following  properties: 

P  =  80,000 

Pi  =  80,000 

M  =  29,000,000 
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^=im 


X-(-^V29,000,000) 

a 

Let  X=«P  which  would  allow  no  factor  of  safety. 
80,  000=(^^\29,000,000) 

16r- 362.5 
r  =  22.8" 

In  other  words,  to  maintain  wire  penectly  elastic,  allowing  no 
factor  of  safety  but  working  up  to  elastic  limit,  'the  minimum  aflow- 
able  radius  of  coil  is  22.8  mcnes.  If  -^inch  square  gim  wire  was 
treated  as  above,  minimum  allowable  radius  =  18.1. 

From  these  considerations  it  is  evident  that  | -inch  wire  treated 
in  straight  condition  could  not  be  wound  on  a  gim  tube  of  less  than 
22.8  radius  without  passing  the  elastic  limit  of  the  outside  and 
inside  fibers. 

DBVBLOPMENT  OF  STRAINS  IN  EZTBEHB  FIBERS  WHEN  WINDING 

XTNDEB  TENSION. 

ASSUMPTIONS. 

Wire  heated  in  stra^ht  condition  as  assumed  previously  to  have 

Eroportional  limit  of  r  in  tension,  Pj  in  compression.  Modulus  oi 
[.     d  =  thickness  of  wire  and  r^  radius  of  gim  tube. 
From  previous  considerations  it  is  evident  that  when  wire  is  bent 

around  tube,  the  outside  fibers  are  under  a  strain  of  ( ^  VM)  and 
the  inside  fibers  — (^^K^)- 

Assume,  then,  that  the  winding  machine  is  feeding  wire  to  the; 
tube  imder  a  tension  of  y,  y  being  the  tension  necessary  to  produce 
the  proper  compression  of  the  bore. 

The  strains,  therefore,  in  the  outside  fibers  of  the  wire  would  be 

y+f  2~  )(^)>  *^d  o^  *^®  inside  fibers  y  — (k^  KM).    Again 

y+(|)(M)<P 
y-(2|)(M)<P. 

for  perfectly  elastic  conditions. 
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EXAMPLE. 

Ton-inch  wire-wrapped  B.  L.  rifle,  30  tons.  (Notes  on  the  Con- 
struction of  Ordnance,  No.  87.) 

Outside  radius  of  tube  to  receive  wire  forward  of  sUp  rings  =  9.6 
inches. 

The  proper  constant  tension  for  the  wire  in  front  of  slip  rings  » 
34,600  pounds. 

One-tenth  inch  square  wire,  treated  straight  to  80,000  poimds  elastic 
limit.  Modulus  29,000,000. 

OUTSIDE    FIBERS    OF    WIBE. 


y+ 


.1 


34,0004- g  ^Qg  29,000,000 -X 
X=  185,600 

As  P  =  80,000  the  outside  fibers  are  severely  overstrained. 

INSIDE   FIBERS. 


-(s;>">- 


34,600-2    "gg  29,000,000  =  X 

X=  -116,400 
P»  -  80,000. 

Therefore  inside  fibers  are  severely  overstrained. 
All  these  conditions  are  with  gun  at  rest. 

Consideration  of  the  term  y  +(0?/^^^  ^  ^^  some  interest.    Y 

(winding  tension)  can  be  reduced  by  design  to  certain^  limits,  but 
its  value  must  not  be  decreased  beyond  a  certain  amotmt.  The 
decrease  in  y  could  be  accomplished,  for  example,  by  increasing  the 
number  of  layers  of  wire.  This  could  not  be  carried  on  indefimtely , 
as  both  weight  and  cost  would  be  increased,  and. any  possible  advan- 
tages of  a  wire*wound  construction  oyer  built-up  construction 
would  disappear. 

The  term  (  ojj^jO^)  ^^^  b®  varied  and  in  a  manner  entirely  com- 
patible with  practice.  The  value  of  M  can  be  regarded  as  constant 
and  closely  approximating  29,000,000  poimds.  r  is  fixed  to  rather 
narrow  limits  by  desim,  namely,  the  bore  of  the  gim  and  the  thick- 
ness of  the  tube  itseB.  Any  possible  increase  01  r,  however,  is  of 
great  advantage,  as  the  fiber  stresses  produced  by  bending  would 
vary  inversely  as  r,  and  it  would  therefore  be  easier  to  construct 
an  elastic  wire-wound  gim  of  large  caliber  than  a  wire-wound  gun 
of  low  caliber. 

The  value  of  d  is  readily  susceptible  to  variation,  and  it  would 
appear  that  this  could  be  done  without  seriously  affecting  the  present 
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costs.  The  same  effective  cross  section  could  be  maintained,  if 
desired,  by  using  a  wire  of  ribbon  form.  The  wire  in, ribbon  form 
would  also  possess  an  advantage  in  so  far  that  it  could,  due  to  thinness 
of  section,  be  much  npiore  readily  heat-treated  so  as  to  obtain  uni- 
form properties  throughout.  A  true  elastic  limit  should  then  be 
prescribed  and  care  taKen  that  wire  is  received  which  does  possess 
a  true  elastic  limit. 

To  prevent  the  posadbility  of  cold-worked  wire  being  furnished,  a 
clause  could  be  introduced  into  the  specifications  stating  that  the 
last  operation  in  the  manufacture  shall  be  a  quench  from  above  the 
critical  range,  followed  by  a  tempering  ppej^tion.  The  final  temper- 
ing could  be  coi^ducted  100®  Cf.  above  any  assembling  or  relining 
temperature,  and  in  this  way  the  department  could  be  assured  that 
any  changes  of  physical  properties  or  permanent  sets  due  to  assem- 
blmg  or  relining  heats  would  be  avoided. 

The  following  example  is  cited,  to  show  in  a  concrete  manner  the 
advantages  resulting  from  using  a  perfectly  elastic  ribbon  wire. 
The  wire  used  in  this  illustration  could  no  doubt  be  obtained  on  a 
commercial  scale  at  a  very  slight,  if  any,  increase  of  cost  over  the 
present  form  used. 

EXAMPLE. 

* 

10-inch  wire-wrapped  B.  L.  rifle,  30  tons. 

Dimensions  of  wire:  Thickness  =  .03  inch.     Width  =  .33  inch. 

Outside  radius  of  tube  to  receive  wire  forward  of  shp  rings  =*  9.  6 
inches. 

The  proper  constant  tension  of  winding  =  34,600  pounds. 

Wire  treated  straight  to  120,000  pounds  elastic  limit.  Modulus 
29,000,000  pounds. 

GUN   AT   BEST — OUTSIDE   FIBEBS   OF   WIBE. 

y+(Y,)(M)=X 

34,600+ 2"^-g^  29,000,000  =  X 

X  =  80,  000  pounds  approximately. 

This  would  leave  a  margin  of  40,000  pounds  for  the  stresses  inci- 
dental  to  firing. 

It  is  readily  seen  from  the  above  that  the  change  from  .1  inch 
square  wire  to  a  .03  inch  thick  ribbon  has  reduced  tne  outside  fiber 
stress  on  the  wire  more  than  105,000  pounds. 
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EXFEBHiBNT  NO.  1. 

[Final  temperature,  416*  C] 


: '    ' 

Time.' 

Lofkd 
(pounds). 

J. 

Load' 
(pounds 

per 
square. 

indi). 

Leocth 

wife 
between 

Change 

in 
lenglli. 

1 

TQtal 
exten- 
sion. 

ture 

of 

room. 

Tempeiatare  of 
fumaoe. 

Sept.  26: 

9.15  a.  m. . 
10.00  a.m.. 

10.35  a.m.. 
11.10  a.m.. 
11.35  a.m.. 
12.00m 

1.10  p.m.. 

2.45  p.^., 
'  '3.45  p.m.. 

4.40  p.m.. 
Sept.  27: 

9.00  a.m.. 

9.10a.  m.. 

84 
954 

954. 
954 

954 
064 
954 
954 
954 

954 

84 

'     *             *     1 

5,2(50 
60,000 

60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 

60,000 
5,25^. 

Cm. 

66.230 

66.370 

66.375 
66.410 
66.465 
66.520 
66.726 
.67.175 
67.000 
.  66.940 

66.866 
66.736 

Cm. 

"+ai46' 

+  .006 
+  .035 
+  .045 
+  .066 
+  .206 
+  .460 

-  .175 
-.060 

-  .075 

-  .130 

Oiii. 

•  ••X  m  •  •  •  •  • 

0.140 

.145 
.180 
.225 
.290 
.495 
.945 
.770 
.710 

.635 
.506 

•  C. 
20 
20 

21 
21 
21 
21 
21 

2? 
21 

20 
20 

Room  temperature. 
Room   temperature; 

cunrenton.' 
30*  C.    . 
96*  C. 
136*  C. 
210»  C. 
340*  C. 

416*  C;  current  off. . 
210*  C. 
112*  0. 

Room  temperature. 
Do.   . 

EZFBBDCBNT  NO.  2. 

(Final  temperature,  294*  C] 


Time. 

• 

Load 
(poimds). 

Load 
(poimds 

per 
square 
inch). 

Length 

wire 

between 

marks. 

Chan^ 
lenifth. 

Total 
exten- 
sion. 

Tem- 
pera- 
ture 
of 
room. 

Temperature  of 
fiimace. 

Sept.  27: 

3.10  p.m.. 
^             3.35  p.m.. 
5.00  p.m.. 
Sept.  28: 

8.10  a.m.. 

8.30  a.  m.  i. 

9.00  a.m.. 

9.20  a.m.. 

9.40  a.m.. 

.10.06  a.  m.. 

10.50  a.m.. 

11.10  a.m.. 

12.06  p.m.. 

1.06  p.m.. 

2.15  p.m.. 

2.55  p.m.. 

3.36  p.m.. 

5.00  p.m.. 

Sept.  29: 

8.20  a.m.. 
8.45  a.  m.. 

84 
954 
954 

954 
954 
954 
954 
964 
964 
964 
954 
954 
964 
954 
954 
954 
964 

964 

84 

5,250 
60,000 
60,000 

60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 

60,000 
5,250 

Cm. 
66.906 
67.045 
67.045 

67.065 
67.066 
67.095 
67.098 
67.140 
67.170 
67.245 
67.260 
67.295 
67.365 
67.255 
67.225 
67.206 
67.185 

67.165 
67.020 

Cm. 

Cm. 

•  C. 
23 
23 
23 

20 
20 
20 
20 
20 
21 
21 
21 
21 
21 
21 
21 
21 
21 

22 

Room  temperature. 
Do. 

Current  on. 

29*  C. 

30*  C. 

84*  C. 

139*  C. 

204*  C. 

210*  C. 

254*  C. 

294*  C;  current  off. 

133*  C. 

92*  C. 

60*  C. 

28*  C. 

22*  C. 

+0.140 

0.140 

+  .010 

.150 
.150 
.160 
.160 
.206 
.235 
.310 
.325 
.360 
.430 
.320 
.290 
.270 
.260 

.230 
.066 

■h  .010 
+  .000 
+  .045 
+  .080 
+  .075 
+  .015 
+  .036 
+  .070 

-  .110 

-  .030 

-  .020 

-  .020 

-  .020 

-  .145 

1  New  gauge  marks  on  wire.    New  length. 


EXFE&XHBNT  NO.  3. 

[Plual  temperature,  391*  C] 


Tinu. 

Load 

(pounda) 

tWtVMIl 

length. 

Total 
eiten- 
■Ion. 

s 

Temperature  ot 

Sept.M: 

Cm. 

cm. 

Cra. 

•c. 

11^  a.m.. 

S,2M 

117.110 

23 

.eooDO 

87.300 

so  000 

117.300 

+  .000 

iifiopim:: 

9H 

80,  a» 

87.300 

+ 

14 

Sept.  30: 

fiM 

» 

8.200 

010 

.140 

19 

000 

Current  on. 

W4 

20 

ejs «:  m: : 

BH 

» 

8:iBB 

+ 

20 

SM 

» 

8.176 

+ 

030 

.185 

21 

lo!(W  a^  ml ! 

8.ais 

+ 

040 

.226 

21 

C 

10.39  ft.  m. . 

6.250 

c 

ll.W  a.  m. . 

es4 

!:S8 

204 

11.35  ».m.. 

9S1 

» 

+ 

la.OOm 

30 

fl  .326 

OlS 

.336 

237 

l.OSp.  m. . 

8  .380 

.390 

c 

30fi 

LsSpiS:; 

BM 

8  '.iSO 

+ 

20     324 

» 

«,470 

20     332 

+ 

.  20 

20     361 

c 

current  ofi. 

eitBO 

M 

304 

B$4 

20 

sicepim:: 

934 

M 

8;38S 

050 

isos 

30 

040 

.365 

20 

67!  300 

30 

43- C. 

Oci.2:    '^-     ■■ 

e.30a.m.. 

9S4 

TO,  000 

07. 276 

.2S5 

lO.Oft  B.  m. . 

M 

»,2S0 

87.  lis 

-    100 

.125 

10 

Do. 

'  Harks  cbanged  on  wire. 
EXFSBQCEIIT  HO.  4. 

[FlnBUemperBtnre,334-C.l 


Time. 

,^,. 

per 

■ST 

vire 

length. 

ToUl 
eirten- 

Tem- 

Temperature 

07.S06 

+  .005 

.145 

20 

.145 

20 

B-lOs.  m.. 

84 

182 


HESEABCH. 


EXFEBDCBNT  NO.  6. 

[Final  temperature,  455*  C.J 


TimiB. 

Load 
(pounds). 

Load 
(pounds 

per 
square 
inch). 

Length 

wire 

between 

marks. 

Change 

in 
length. 

Total 
exten- 
sion. 

Tem- 
pera- 
ture 
of 
room. 

Temperature 
of  furnace. 

Oct.  5: 

8.25a.  m.. 

9.00a.  m.. 

9.25  a.  m.. 

4.40  p.m.. 
Oct.  6: 

9.15  a.  m.. 

10.25a.  m.. 
11.05a.  m.. 

1.00  p.m.. 

3.00  p.m.. 

3.40  p.m.. 

4.20  p.m.. 

4.30  p.  m. . 

4.50  p.  m.. 

4.55  p.m.. 
Oct.  7: 

8.00  a.  m.. 

8.20  a.  m.. 

84 
954 
954 
954 

954 

954 
954 
954 
954 
954 
954 
954 
954 
354 

954 
84 

5,250 
60,000 
60,000 
60,000 

60,000 

60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 

60,000 
5,250 

Cm. 
66.745 
66.885 
66.890 
66.885 

66.895 

66.925 
66.990 
67.090 
67.150 
67.265 
67.390 
67.465 
67.920 
68.085 

67.870 
67.700 

Cm. 

Cm. 

•»  C. 

18 
18 
18 
22 

20 

20 
21 
21 
21 
22 
22 
22 
22 
22 

18 
18 

Room  temperature. 
Do. 
Do. 
Do. 

Room   temperature; 

current  on. 
47»C. 
137»  C. 
237"  C. 
274*0. 
346' C. 
378*  C. 
410*  C. 
448"  C. 
456'»  C. 

Room  temperature. 
Do. 

1 

-f  0.140 
+  .005 

-  .005 

+  .010 

+  .030 
H^  .065 
+  .100 
+  .060 
+  .115 
+  .125 
+  .075 
+  .455 
+  .165 

-  .216 

-  .170 

Q.140 
.145 
.140 

.150 

.180 
.245 
.345 
.405 
.520 
.645 
.720 
1.175 
1.340 

1.125 
.955 

EXFEBOCENT  NO.  6. 

[Final  temperature,  416*  C.) 


Load 

Length 

wire 
between 

Tem- 

Time. 

Load 
(pounds). 

(pounds 

per 
square 

Change 

in 
length. 

Total 
exten- 
sion. 

pera- 
ture 
of 

Temperature 
of  furnace. 

inch). 

marks. 

room. 

Oct.  7: 

Cm. 

Cm. 

Cm. 

*  C. 

2.15  p.  m.. 

84 

5,250 

66.590 

21 

Room  temperature. 
Do. 

2.30  p.m.. 

954 

60,000 

66.740 

+6.150 

0.150 

21 

Oct.  8: 

. 

8.30  a.  m.^ 

954 

60,000 

66.755 

+  .015 

.165 

21 

Do. 

10.15a.  m.. 
2.00  p.m.. 

954 
954 

60,000 
60,000 

66.460 
66.455 

.165 
.160 

22 
23 

Do. 
Do. 

-  .005 

4.50  p.m.. 

954 

60,000 

66.455 

.000 

.160 

23 

Do. 

Oct.  9: 

8.50a.  m.. 

954 

60,000 

66.460 

.005 

.165 

20 

Room  temperature; 

current  on. 
56*C. 

9.05a.  m.. 

954 

60,000 

66.480 

.020 

.185 

20 

9.25  a.  m.. 

954 

60,000 

66.510 

.030 

.215 

20 

96*  C. 

9.35  a.  m.. 

954 

60,000 

66.525 

.015 

.230 

20 

123*  C. 

10.20a.  m.. 

954 

60,000 

66.585 

.060 

.290 

20 

184*  C. 

11.20a.  m.. 

954 

60,000 

66;  760 

.175 

.465 

20 

314*  C. 

11.35a.  m.. 

954 

60,000 

66.860 

.100 

.565 

20 

375*  C. 

11,40a.  m.. 

954 

60,000 

66.970 

.110 

.675 

21 

403*  C. 

11.45  a.  m. . 

954 

60,000 

67.035 

.065 

.740 

21 

416*  C. 

1.20  p.m.. 

954 

60,000 

66.860 

-  .175 

.565 

21 

136*  C. 

2.20  p.m.. 

954 

60,000 

66.810 

-  .050 

.515 

21 

72*0. 

8.55  p.m.. 

954 

60,000 

66.785 

-  .025 

.490 

21 

Oct.  10: 

8.20  a.  m.. 
8.30  a.  m.. 

954 
954 

60,000 
60,000 

66.770 
66.605 

-  .015 

-  .165 

.475 
.310 

20 
20 

Room  temperature. 
Do. 

1  Changed  marks  on  wire. 


BESEABCH. 
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EXFEBDCBNT  NO.  8. 

[Final  tempentnre,  477*  C] 


Load 

Lenetli 

wire 
between 

Tem- 

Time. 

Load 
(pounds). 

(pomids 

per 
square 

Change 
inleDgth. 

Totol 
exten- 
sion. 

pera- 
ture 
of 

Temperature 
furnace. 

of 

inch). 

marks. 

room. 

• 

Oct.  11: 

Cm.. 

Cm, 

Cm, 

*  C. 

10.90a.  m.. 
11.30  a.  m.. 

84 
954 

5,250 
60,000 

66.400 
66.540 

23 
23 

**+ai46' 

'"ofiio* 

4.00  p.m.. 

954 

60,000 

66.545 

+  .005 

.145 

21 

Oct.  12: 

8.05  a.  m.. 

964 

60,000 

66.545 

+  .000 

.145 

18 

Room   temperature; 

8.30  a.  m.. 

954 

60,000- 

66.555 

+  .010 

.165 

19 

current  on. 
42*0. 

■ 

9.00  a.  m. . 

954 

60,000 

66.565 

+  .010 

.165 

19 

56«C. 

9.25  a.  m. . 

954 

60,000 

66.585 

+  .020 

.185 

19 

82*0. 

1 

9.45  a.  m. . 

954 

60,000 

66.600 

-f  .015 

.200 

19 

109*  C. 

10.05  a.  m. . 

954 

60,000 

66.615 

+  .015 

.215 

19 

120*  C. 

11.30a.  m.. 

954 

60,000 

66.640 

+  .025 

.240 

19 

153'C. 

11.50  a.  m.. 

954 

60,000 

66.655 

+  .015 

.255 

19 

* 

12.10  p.m.. 

954 

60,000 

66.680 

-f  .025 

.280 

19 

208*  C. 

12.20  p.m.. 

954 

60,000 

66.690 

+  .010 

.290 

19 

223*0. 

12.45  p.m.. 

954 

60.000 

66.715 

-f  .025 

.315 

19 

237'' C. 

1.10  p.m.. 

954 

60,000 

66.730 

+  .015 

.330 

19 

250VC. 

1.20  p.m.. 

954 

60,000 

66.755 

-  .025 

.355 

19 

283*  C. 

1.35  p.m.. 

954 

60,000 

66.810 

+  .055 

.410 

19 

315*  C. 

1.50  p.m.. 

954 

60,000 

66.875 

+  .065 

.475 

19 

348*  C. 

2.05  p.m.. 

964 

60,000 

66.920 

+  .045 

.520 

19 

365*0. 

.    2.30  p.m.. 

954 

60,000 

66.975 

+  .055 

.575 

19 

375*  C. 

2.45  p.m.. 

954 

60,000 

67.000 

+  .025 

.600 

19 

383*0. 

2.55  p.m.. 

954 

60,000 

67.030 

+  .030 

.630 

19 

395*0. 

• 

3.00  p.m.. 

954 

60,000 

67.080 

+  .030 

.660 

19 

406*0. 

3.05  p.m.. 

954 

60,000 

67,100 

+  .040 

.700 

19 

417*  0. 

3.10  p.m.. 

954 

60,000 

67.145 

+  .045 

.745 

19 

427*0. 

3.15  p.  m.. 

954 

60.000 

67.200 

+  .055 

.800 

19 

438*0. 

3.20  p.m.. 

954 

60,000 

67.280 

+  .080 

.880 

19 

448*0. 

3.25  p.m.. 

954 

60,000 

67.415 

+  .135 

1.015 

19 

458*0. 

3.30  p.m.. 

954 

60,000 

67.536 

+  .120 

L135 

19 

462*0. 

3.32  p.m.. 

954 

60,000 

67.655 

+  .120 

1.255 

19 

465*0. 

3.35  p.  m . . 

954 

60,000 

67. 815 

+  .160 

L415 

19 

466*0. 

3.40  p.m.. 

954 

60,000 

67.925 

+  .110 

1.525 

19 

466*0. 

3.45  p.m.. 

954 

60,000 

68.090 

+  .165 

1.600 

19 

468*0. 

3.50  p.m.. 

954 

60,000 

68.420 

+  .330 

2.020 

19 

468*0. 

4.00  p.m.. 

954 

60,000 

68.785 

+  .365 

2.385 

19 

472*  0. 

• 

4.02  p.m.. 

954 

60,000 

68.995 

+  .210 

2.595 

19 

477*  0. 

4w05p.ifi.. 

954 

60,000 

69.150 

+  .155 

2.750 

19 

477*  0. 

4.08  p.m.. 

954 

60,000 

69.410 

+  .260 

3.010 

19 

477*  0. 

Oct,  13: 

' 

2.05  p.m.. 

954 

60,000 

69.505 

+  .095 

3.105 

20 

3.15  p.m.. 

954 

60,000 

69.500 

-  .005 

3.100 

20 

3.30  p.m.. 

84 

5,260 

69.335 

-  .165 

2.935 

20 

sxpehimbnt  no.  o. 

irineX  tumpatMan,  148*  C] 


LoBd 

between 

Tem- 

Ttane. 

Load 
(pounds) 

(poonds 

as. 

Total 

SltSD- 

sion. 

^7 

°^^ 

room. 

Ort  13- 

em. 

Cm 

cm. 

•c. 

Oct.  14:   ''■""■ 

ee.360 

Room 

t64 

^;ooo 

"'+6."iM' 

'■ '6.is5' 

20 

B64 

00 

fle.6is 

+  .000 

.165 

» 

'^^P- 

Sampore. 

054 

00 

«e.«is 

+  .100 

160 

ijspim;: 

964 

00 

IM.040 

+  .0« 

» 

K4 

00 

se.6oo 

238 

0S4 

00 

«e.72S 

23 

i^i^\ 

00 

W.765 

+  !o3o 

23 

2S( 

c 

SM 

66.770 

2} 

c 

2.60  p.m.. 

064 

+  :o3o 

.440 

SM 

+  .030 

.470 

XW  p!  m! ! 

.4ft> 

23 

350 

B64 

66:890 

+  '.fas 

23 

304 

c 

3.0Sp.ni.. 

964 

+  .050 

!6B0 

13 

383 

c 

8M 

4- .060 

.630 

DM 

+  .025 

.as 

23 

405 

es4 

00 

23 

41 ; 

ailspiS:: 

964 

67.125 

3.20  p.m.. 
3.Kp.m.. 

064 

+  .060 

9S4 
964 

964 

00 
60,000 

+  ^040 
-  .175 

.940 

22 

44» 

C  ;  current  oil.      1 

3.30  p.m.. 

87.166 

«6« 

ea,DDO 

.890 

8:3oa:.m:; 

6;2io 

wisTo 

-  .180 

19 

Do. 

BXFEBIMENT  NO.  10. 

[Final  tcmperatuiv,  230°  C] 


Time. 

r.^,> 

Load 

Inch). 

win 
betwnn 
marks. 

to"». 

Total 

•St 

Tern- 

cm 

•  C 

Oct"'"'"'- 

S7.2S0 

8.10  a.  m.1. 

964 

" 

+  ,230 

ILSOa.  m.. 

ii-S 

!0M 

'mo 

X 

230;C. 

S.OOp.111.. 

67  105 

-.030 

.195 

IS 

Koom  temperature. 

B.O0  8.m.. 

••- 

86.070 

IS 

1  cban)!ed  marks  on  wire. 


KBSEABGH. 


185 


EXFEBIMBNT  NO.  lOA. 


[Final  temperature,  271*  C] 


Load 

Leneth 

wire 
between 

Tem- 

Time. 

Load 
(pounds). 

(pounds 

per 
square 

Chanm 
in  length. 

Total 

exten« 

sion. 

pera- 
ture 
of 

Temperature  of 
furnace. 

inch). 

marks. 

room. 

Oct.  18: 

Cm. 

Cm. 

Cm. 

•  C. 

1.30  p.  m.. 
2.00  p.  m.. 

84 
0S4 

5,250 
60,000 

66.665 
66.820 

22 
22 

1 

'*+6.'i55' 

***6.*i55" 

4.05  p.m.. 

954 

60,000 

66.820 

+  .000 

.155 

21 

4.30  p.  m.. 

954 

60,000 

66.810 

-  .010 

.145 

21 

Oct.  19: 

8.30  a.  m.. 

954 

60,000 

66.810 

+  .000 

;145 

19 

Room  temperature; 
current  on. 

8.50a.  m.. 

954 

60,000 

66.930 

+  .120 

.265 

19 

183«C. 

8.55a.  m.. 

954 

60,000 

66.950 

+  .020 

.285 

19 

202»C. 

9.00  a.  m. . 

954 

60,000 

66.975 

+  .025 

.310 

20 

225*  C. 

9.07  a.  m.. 

954 

60,000 

67.015 

+  .040 

.350 

20 

268»C. 

9.15  a.  m. . 

954 

60,000 

67.035 

-f  .020 

.370 

20 

27rC. 

9.25  a.  m.. 

954 

60,000 

67.035 

+  .000 

.370 

20 

269'C. 

9.40a.  m.. 

964 

60,000 

67.040 

+  .005 

.375 

21 

271 'C. 

9.50a.  m.. 

964 

60,000 

67.050 

+  .010 

.385 

21 

271»C. 

10.10a.  m.. 

954 

60,000 

67.045 

-  .005 

.380 

21 

271*0. 

10.40  a.  m.. 

964 

60,000 

67.050 

+  .005 

.385 

21 

271*  C. 

11.05  a.  m.. 

954 

60,000 

67.055 

+  .005 

.390 

21 

271*  C. 

11.40a.  m.. 

954 

60,000 

67.055 

+  .000 

.300 

21 

271*  C. 

1.00  p.  m. . 

954 

60,000 

67.070 

+  .015 

.405 

22 

272*  C. 

3.10  p.  m.. 

964 

60,000 

67.075 

+  .005 

.410 

22 

271*  C. 

3.15  p.m.. 

954 

60,000 

67.080 

+  .005 

.415 

22 

271*  C. 

4.50  p.m.. 

954 

60,000 

66.065 

-  .115 

.300 

22 

112*  C. 

Oct.  20: 

8.00a.  m.. 

954 

60,000 

66.895 

-  .070 

.230 

20 

Room  temperaturr. 

8.30a.  m.. 

84 

5,250 

66.760 

-  .136 

.095 

20 

■■ 

:  NO.  11. 

(Final  temperature,  304°  C] 


Load 

wire 

Te 

1 

TlmB. 

toad 

(pound)} 

(pound. 
per 

as 

Total 

£■" 

iSShT 

marts. 

room. 

Ort.  M: 

Cm. 

cm. 

Cm. 

•C 

84 

S,MO 

OT.640 

3.'%  pirn 

064 

«a,oaa 

"+o 

31 

SM 

00  000 

005 

M 

JisopiS 

OH 

00,000 

07.805 

+- 

005 

.165 

W4 

80  000 

07.800 

005 

OM 

ooiooo 

005 

31 

Oct.  25:    '^■• 

8.00  8.  m 

SU 

80,000 

07.705 

c 

000 

.155 

8.»B.in. 

•54 

80,000 

00.785 

860a  m 

OM 

100 

86  87D 

+ 

075 

.230 

11 

ant  on. 

s:S5fl:m 

OH 

no 

aoioio 

+ 

040 

.m 

21 

m 

t 

«.00a.  m 

+ 

040 

338 

C 

88.090 

040 

304 

BilSa.  m 

8  .OSO 

+ 

930 

^380 

31 

388 

0.16  a.  m 

OH 

100 

fl.IBO 

.300 

204 

e.30a.  m 

•M 

«  .065 

025 

31 

302 

0  .005 

010 

302 

8  .070 

^430 

31 

302 

was  aim 

»S4 

8.075- 

+ 

M5 

304 

C 

10.31  a.  m 

8M 

oo 

8  .085 

304 

c 

8  .070 

304 

8  .075 

005 

1435 

31 

301 

054 

100 

8  .080 

+ 

M5 

301 

12.Kp.m 

OU 

«0 

8  .090 

+ 

303 

33 

1480 

33 

303 

2.M  p.  m 

6  .100 

000 

.400 

33 

303 

2.50  p. m 

■» 

8,105 

+ 

005 

23 

m 

3.10  p.  m 

005 

000 

i4aa 

31 

:  current  off. 

liw&S 

:            054 

8  :070 

030 

.430 

3M 

t 

3.50  p.  to 

054 

100 

8  ,050 

020 

347 

c 

ilii 

:            954 

86.906 
86.010 
86.770 

- 

.355 

". 

- 

s 

.^    ^••-  , 

XZPERIKENT  NO.  13. 

(Fln»l  tmnparature,  351'  C.J 


Tlm«. 

Load 

<pmmds) 

vlre 

ChMiKa. 
lulODgtb. 

Total 
slon." 

Tem- 
peca- 

ot 
room. 

(urnMB. 

Oct.»: 

Cm. 

Cm. 

Cm. 

•c. 

S,150 

S8.20S 

6^000 

W.S6S 

"+o;i«6' 

m 

»;ooo 

1M.305 

0.000 

a«o 

ii' 

Ocl.in: 

7.Ma.ni.. 

BM 

«a,a» 

OB,  370 

+  .005 

.165 

•a 

S.26  a.  m. . 

eu 

W.5T0 

+  .aoo 

sa 

8.as«.m.. 

•« 

68.630 

+  .080 

:«5 

2) 

SX 

8.<Sa.  m.. 

AH 

00 

98.890 

+  .060 

.486 

21 

ax 

%.S2t.m.. 

m 

68. 70S 

33 

•a 

eu 

n 

361 

9Mt:.m'.'. 

•M 

351 

l(l.l»a.m.. 

»4 

m 

68.770 

+  .006 

.565 

23 

351 

10.Ma.  m.. 

m 

68.776 

.570 

22 

88.7I» 

21 

88.796 

23 

9M 

68.800 

3X 

1.10  p.m.. 

9M 

m 

88.810 

+  .010 

.605 

22 

861 

i.06p.ni.. 

m 

68,810 

0.000 

23 

0.000 

23 

eu 

-  .060 

23 

367 

•.oopim:: 

054 

88!  680 

-  .080 

!475 

ISO 

(.Mp.m.. 

SM 

m 

88.640 

-  .040 

.43i 

33 

129 

C 

Oct.W:  "^ 

80,1100 

es.sTo 

-  .070 

.385 

slssaim!! 

M 

6;2S0 

23 

EZFEBIICENT  KO.  IS. 
(Plusl  temperature,  377*  C]    ' 


Time. 

(poundj) 

Load 

(poimd5 
per 

wire 

."S!.-^ 

t>l 

s 

Oct.  K: 

mi. 

Cm            C 

•m. 

•c 

3.1Dp.  m. . 
3.30p.  m.. 

84 

^:^ 

» 

+6 

60  ODD 

tSlpiS:; 

S&i 

aolooo 

67:955 

010 

140 

23 

0«.30: 

DM 

e7!Mo 

60 

C. 

S.35B-m!! 

9H 

m 

es.015 

+ 

055 

18 

123 

C. 

8.*)a.ro-. 

«U 

DO 

e&045 

+ 

OJO 

230 

141 

C. 

»M 

+ 

040 

270 

C. 

eu 

+ 

285 

210 

C. 

IIM 

DO 

68. 160 

+ 

345 

258 

C. 

.05tt.ni.. 

SM 

DO 

6e.2ao 

+ 

060 

405 

IS 

305 

C. 

9.»B.m.. 

«H 

DO 

68.380 

+ 

465 

18 

331 

a 

SM 

+ 

530 

IB 

BM 

DO 

«8.3W> 

373 

.4flB-m!' 

»4 

DO 

88.400 

+ 

015 

585 

373 

054 

DO 

48.420 

+ 

020 

605 

373 

c. 

+ 

c. 

B54 

DO 

68.440 

625 

ea4 

DO 

68.455 

640 

373 

c: 

:3att.m:: 

954 

DO 

68.465 

+ 

010 

650 

IS 

373 

c. 

DO 

645 

c. 

854 

DO 

ea4 

DO 

68. 4W 

954 

68.490 

I 

000 

675 

18 

c: 

2.00  p.m.. 

B64 

68.495 

+ 

006 

680 

18 

c. 

954 

690 

954 

DO 

c: 

964 

W 

68.510 

0, 

695 

IS 

373 

C,;enirentoff. 

,30  p.m.. 

954 

C. 

9S4 

68.440 

030 

625 

954 

605 

c: 

iioflm.: 

954 

68:395 

025 

580 

IS 

222 

c. 

4-33  p.  m,. 

030 

B80 

c. 

951 

es:340 

0^ 

SH 

«o,Daa 

035 

460 

Eoomtempenitiire. 

8.MB.ni-- 

M 

5,330 

68.105 

-     170  j 

290 

31 

Do. 

EZPEBIHENT  NO.  14. 

IPInal  Mmpwatnn,  374°  C.J 


■rem 

>1 

or 

Tem^^»to.oi 

•c. 

8,250 

MrSM 

..,"."::... 

:iop.ro:: 

.aip-m.. 

5250 

fio;^ 

mF 

■■+o.iM 

60,000 

.145 

fiOOOO 

«a!7so 

22 

^pim:: 

9H 

flo;ooo 

M.7S0 

22 

Nov.  1: 

8.x  81.10.. 

00,000 

85.740 

-  .010 

.145 

IS 

Current   on;    room 

8.19 a.  m.. 

9M 

oo 

65.700 

+  .030 

8.»».m.. 

9M 

00 

00.796 

+  .03S 

IB 

lOO'  C. 

00 

66.810 

+  .OlS 

.315 

19 

138*  C. 

.MO 

173- C. 

8.43 a.  m!! 

.280 

310*  C. 

8.61  ft.  m.. 

BM 

00 

00.926 

+  ;050 

IB 

250' C. 

S-Ma-m.. 

fi64 

00 

65.960 

+  .035 

:366 

19 

3M*C. 

9.07 ft.  m.. 

05.996 

+  .038 

32g'C. 

+  .060 

373;  C. 

9.31  Sim!: 

»M 

00 

+  .oao 

00 

57.080 

+  .005 

.485 

19 

373*  a 

laoo  ft.  m! '. 

0.000 

.485 

373' C. 

10.30  a.m.. 

+  .030 

373;  C. 

Il.<»ft.m.. 

eu 

00 

00 

57:110 

+  !oio 

IB 

1100  m...'.! 

+  .005 

.530 

IB 

373*  C. 

12.30  p.  m. . 

00 

.530 

373;  C. 

1.00  p.m.. 

9H 

00 

btIijd 

+  .005 

22 

1.30  5:  m.. 

8M 

00 

67.138 

+  .005 

;s3o 

3.00  p.  m.. 

00 

0.000 

.530 

23 

Wffltto  374*  C.   at 

130  p,  m. . 

RM 

00,000 

67.135 

+  ,010 

.640 

23 

373'  C?'  ™' 

3.00  p.m.. 

23 

373- C. 

eo^ino 

373-C.;DiirrenH>fl. 

sJlpiS:: 

954 

60,000 

BLIOS 

-  :03s 

32S-C. 

3.43  p.m.. 

00,000 

67.075 

S94*G. 

3.SSp,m.. 

00  000 

23 

259;  C. 

ooooo 

33 

IfflpiS;: 

BM 

w'.va 

6?!  000 

S.00p.m.. 

BM 

80,000 

60.  MO 

-  .040 

.JM 

23 

135-G 

Not.  2: 

S.aSa.m.. 

9U 

50,000 

65.  too 

-  .050 

.308 

8.548.  m.. 

84 

6:260 

66.785 

.160 

21 

Do. 

exfbbucent  no.  is. 

I  Final  temperature,  371°  C] 


Load 

"T 

1 

Tem- 

Load 
(pounds). 

(pounds 

'  1    '^' 

:al 

pera- 

Time. 

per 

wire 
between 

ture 
or 

'•"ffr- 

inch). 

- 

room. 

Nor.  2: 

•    Cm. 

B,        e 

'  a 

i.lOp.ia'.: 

ftH 

>^^ 

8S.085 
88.230 

'+6,"ii5"'*6 

""'i,'.".' 

80.000 

88.230 

H5 

20 

9S4 

80.000 

88.245 

+  .018 

180 

20 

Niw 

markt 

8.1BS.  m.. 

M 

00 

"m.ojs' 

0000 

a( 

g.2Sa.  m.. 

00 

88,070 

04B 

205 

22 

96'C. 

00 

slstB.  m" 

00 

8s!l45 

8.Ma.m.. 

00 

88.175 

+ 

ISO 

810 

22 

212- c: 

OM 

00 

250"  C. 

8M 

00 

27i;C, 

b!osb'.  m!! 

00 

8s!m5 

9.30  b,  m.. 

9M 

00 

SS.225 

0 

DOO 

380 

21 

271-  C. 

954 

00 

3S* 

M 

271'' C. 

BM 

00 

ns'.aa 

271- C, 

iiiooft.  m:: 

954 

00 

88.  S30 

22 

271' C. 

11.30  a.  m.. 

954 

00 

08.230 

22 

27i;C, 

954 

005 

1230  p.  in^' 

954 

00 

e8!230 

1.00  p.  m.. 

954 

88.210 

000 

366 

22 

271- c: 

1.30  p.m.. 

00 

88,230 

( 

000 

365 

22 

27i;C. 

366 

230  p!  m! '. 

380 

X48p.m.. 

00 

88.230 

386 

Current  off;  271"  C. 

2.50  p.m.. 

88,230 

010 

385 

22 

250"  C. 

223;  C, 

Z.2ip.m'.'. 

0S4 

ssim 

3.63  p.m.- 

AM 

lOO 

88.135 

040 

270 

135-  c: 

i.azp.m.. 

08"  C. 

Nov.  4: 

s-oas.  m.. 

954 

80,000 

8.27  B.m.- 

84 

i.ao 

67,930 

-    13S| 

085 

22 

Do. 

EXPERIHBNT  NO.  16. 

[Final  temporature,  37*'  C] 


Load 

1 

TiDM. 

(pounds) 

{pounds 
1& 

bi 

i.6sa.  m.. 

« 

5.250 

1  ^B.  m.. 

.21  p.  m. . 

84 

5 

250 

.M  p.  m. . 

SM 

00 

000 

» 

250 

.OOpim!^ 

» 

000 

.35  p.m.. 

SU 

00 

000 

Nov.  8:    ^ 

.03  a.  m.. 

000 

gu 

«( 

000 

.29  a.m.. 

n 

040 

295 

188 

000 

030 

325 

17 

22] 

C 

i«a.m!! 

68,650 

+ 

045 

« 

S.«a.nL.. 

DM 

60 

000 

S8.580 

+ 

2M 

.SJ«.m.. 

954 

00 

000 

328 

,03  a.  m. . 

00 

065 

18 

3T3 

c 

80 

9S.81W 

+ 

010 

510 

18 

373 

t 

isoa.  m!' 

954 

« 

000 

58.095 

+ 

005 

I  .00a.m.. 

954 

000 

88,700 

520 

30 

373 

10.30  a.  m. . 

N 

000 

530 

20 

373 

000 

68!  715 

005 

535 

22 

373 

c 

B54 

«( 

000 

68  720 

005 

373 

( 

l2J»m      .. 

954 

00 

000 

8) 

12.30  p.m.. 

60 

22 

373 

c 

.00  p.m.. 

954 

00 

000 

8) 

+ 

010 

565 

22 

373 

t 

OD 

000 

08 

745 

0 

ajwp.m.. 

954 

00 

000 

88 

373 

2Alp.m.. 

954 

01 

08 

373 

JBp.m.. 

08 

S70 

373 

c 

;airrentoff. 

3.12  p.m.. 

954 

0( 

000 

0! 

720 

22 

328 

a.2Jp.m.. 

« 

605 

294 

34Ip.ia-. 

485 

22 

259 

3.Mp.m.. 

K4 

6) 

020 

405 

223 

{ 

*.10p.in.. 

«4 

000 

22 

*,«p.m.. 

00 

135 

Nov.  7:  / 

8,02  a.  m.. 

SM 

flO 

000 

68 

510 

080 

330 

20 

8JMa.m.. 

84 

5 

390 

OS 

375 

~ 

20 

Do. 

NO.  17. 


».. 

Load 
(pounds). 

Total 
aion." 

Tem- 

'Tsr- 

Nov.  7r 

Cm 

Cm 

Cm. 

•  C. 

S,2S0 

68.810 

lUg  a.  m! '. 

as4 

60,000 

08.090 

■■+6:176' 

■  'o.'iTO* 

Do. 

LOOpm.. 

AM 

60  000 

e9.0DG 

+  -OlS 

.I8S 

23 

Do. 

A,2S0 

es.gflo 

.040 

23 

Do. 

SM 

6o;ooa 

+  :i45 

23 

Do. 

Nov.  a: 

8.(»a.in.. 

«4 

60,000 

89. 00s 

0.000 

.185 

,Z30 

17   es-c'""""' 

a.22l,'.nl'.'. 

iss'c. 

00 

188°  C 

g;36ll:m:; 

9M 

00 

89:180 

222°  C 

+  .035 

.375 

2S9-C 

89:205 

i7i;c 

»!30a!m!^ 

95* 

00 

Vooo 

"rao 

11 

10.00  a.m.. 

80:210 

0:000 

:mo 

21 

0.000 

.390 

21 

2n;c 

96* 

ll!30a!m!! 

SM 

27  ;c 

12.00  01 

9S* 

B»:210 

00 

69.210 

0.000 

.390 

27  •<: 

l.Wp'.m'.'. 

00 

69.210 

0.000 

.390 

27  'C 

W4 

00 

89.210 

27 ;( 

OM 

00 

89.210 

3M  p.  m! : 

9M 

00 

-  :o« 

:360 

21 

213*  C 

Nov.B:    '^■ 

IS 

89.040 

-  .130 

.220 

21 

8:20  a.m.: 

» 

31 

Do. 

BXFBaHCENT  HO.  18. 

{Elnal  tampcraton,  ST3*  C] 


Lo>d 

wire 

Tem- 

Time. 

,,», 

'S- 

ChHige       T 

«1 

rf 

TenmeraluiB  of 

inch). 

■narki. 

room. 

Nov  8: 

Cm. 

Cm.         0 

m. 

•c 

il.«a.in.. 
12.01  p.  m. . 

^ 

«';S8 

m.tIK 

"+o.Jab'  "e 

iao' 

Nev, 

IBOrtj. 

1,TO  p.  m. . 

at* 

10.0m 

0.000 

uo 

Nov.B: 

8.10  a.m.. 

Wl 

M,000 

fl7,«|0 

0.000 

130 

20 

3.30 a.  m.. 

BH 

00,000 

^^6 

0.000 

130 

20 

00 

A7.7m 

ISO 

^oi^renton. 

8.«B.m:: 

00 

«7.^ 

035 

20 

iX 

C                            1 

OH 

00 

B7.855 

+ 

ao 

00 

«7.e05 

oso 

Bioosim:: 

00 

67.94S 

386 

158 

C 

9.07  B.m.. 

SM 

00 

08.005 

+ 

MO 

» 

30: 

C 

00 

08.  a» 

4S6 

fliUBiin!! 

88.  IS 

535 

30 

373 

C 

».3la.m.. 

9H 

00 

B8.13S 

+ 

oao 

10 

373 

c 

0.00  a.m.. 

00 

83.  SO 

0.30  0.111.. 

08.  80 

sso 

1.00  a.m.. 

9M 

88.  70 

+ 

010 

a«o 

373 

c 

lJOa.ni.. 

»M 

00 

+ 

000 

373 

c 

a.00ra 

8«!  75 

006 

2.30  p.m.. 

00 

88.  80 

005 

«00 

l.O0p.m.. 

»M 

00 

88.  85 

+ 

005 

005 

20 

373 

1.30  p.m.. 

SSI 

oo 

88.  W 

+ 

oos 

810 

20 

37! 

88.  W 

22 

3^30 p!  m' '. 

88.  M 

c 

ooo- 

fllO 

373 

c 

3.00  p.m.. 

B« 

00 

88.  05 

+ 

005 

22 

373 

c 

3.»p.m.. 

3.3ip.ni.. 

88!  70 

5D0 

3.«^.m.. 

00 

88.  45 

026 

68S 

22 

so; 

3.5»p.m.. 

«S4 

00 

88.106 

040 

525 

26B'C 

4.Mp.m.. 

88.025 

Nov.  11: 

8.03  a.  m. . 

9M 

l»,000 

67.915 

oso 

386 

10 

8.17  a.m.. 

B* 

S,250 

'""1 

10 

Do.      "^ 

194 


RESEABGH. 


EXPEBIMEKT  NO.  19. 

[Final  temperature,  333*  C] 


Time. 

Load 
(pounds). 

Load 
(pounds 

per 
square 
inch). 

Len^h 

wbre 

between 

marks. 

Change 

in 
length. 

Total 
exten- 
sion. 

Tem- 
pera- 
ture 
of 
room. 

Temperature  of 
furnace. 

Nov.  11: 

9.14  a.m.. 
9.30  a.  m.w 

9.43  a.m.. 

9.47  a.  m.. 

9.54  a.  m. . 

9.59  a.  m.. 
10.04  a.m.. 
10.13  a.  m.. 
10.19  a.  m.. 
10.30  a.m.. 
10.45  a.m.. 
11.00  a.m.. 
11.30  a.m.. 

12.00  m 

12.30  p.m.. 

1.00  p.m.. 

1.30  p.  m. . 

2.00  p.m.. 

2.30  p.m.. 

3.00  p.m.. 

3.30  p.m.. 

4.00  p.m.. 

4.30  p.m.. 

4.37  p.m.. 

4.51  p.^.. 
Nov.  13: 

8.03  a.m.. 

9.22  a.m.. 

84 
954 

954 
954 
954 
954 
954 
954 
954 
954 
954 
954 
954 
954 
954 
954 
954 
954 
954 
954 
954 
954 
954 
954 
954 

954 
84 

5,250 
60,000 

60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 

60,000 
5,250 

Cm. 
67.585 
68.305 

68.370 
68.405 
68.455 
68.485 
68.510 
68.550 
68.590 
-68.670 
68.695 
68.720 
68.725. 
68.735 
68.755 
68.755 
68.765 
68.760 
68.760 
68.765 
68.775 
68.785 
68.785 
68.755 
68.715 

68.540 
68.395 

Cm. 

Cm. 

•  a 

20 
20 

20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
30 
20 
20 

15 
20 

Room  temperature. 
Current  on;  room  tem- 
perature. 
96*  C. 
136*  C. 
186*  C. 
222*  C. 
259- C. 
305- C. 
339*  C. 
373*C. 
373*  C. 
373*  C. 
373*  C. 
373*  C. 
383*  C. 
373*C. 
373*  C. 
373*  C. 
373"  C. 
373  "C. 
373*  C. 
373*  C. 

Current  off;  373' C. 
339*  C. 
294*«C. 

Room  temperature. 

-f-  .720 

+  .065 
+  .035 
-f-  .050 
+  .030 
+  .025 
+  .040 
+  .040 
+  .080 
+  .025 
+  .025 
+  .005 
+  .010 
+  .020 
0.000 
+  .010 

-  .006 
0.000 

+  .005 

+  .010 

+  .010 

0.000 

-  .030 

-  .040 

-  .175 

-  .145 

0.720 

.785 

.820 

.870 

900 

.925 

.965 

1.005 

1.085 

1.110 

1.135 

1.140 

1.150 

1.170 

1.170 

1.180 

1.175 

1.175 

1.180 

1.190 

1.200 

1.200 

1.170 

1.130 

.965 
.810 

EXFEBIMENT  NO.  20. 

[Final  temperature,  378*  C.J 


Time. 

Load 
(poimds). 

Load 
(pounds 

per 
square 
inch). 

Length 

wire 

between 

marks. 

Change 

in 
length. 

Total 
exten- 
sion. 

Tem- 
pera- . 
ture 
of 
room. 

Temperature  of 
furnace. 

Nov.  16: 

8.48  a.  m. . 
9.10  a.  m. . 

9.19  a.m.. 

9.24  a.  m. . 
9.30  a.m.. 
9.35  a.m.. 
9.41  a.  m. . 
9.50  a.  m.. 
9.66  a.m.. 

10.04  a.  m.. 
10.20  a.m.. 
10.30  a.m.. 
10.45  a.m.. 
11.00  a.  m.. 
11.30  a.m.. 

12.00m 

12.30  p.m.. 

1.00  p.m.. 

4.04  p.m.. 
Nov.  16: 

8.00  a.m.. 

8.25  a.m.. 

84 
964 

964 
954 
954 
954 
954 
964 
954 
954 
954 
954 
954 
964 
954 
964 
964 
954 
964 

964 

84 

5,260 
60,000 

60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 

60,000 
5,250 

Cm. 
67.475 
67.610 

67.660 
67.686 
67.795 
67.945 
67.990 
68.060 
68.110 
68.190 
68.240 
68.256 
68.270 
68.280 
68.290 
68.300 
68.310 
68.310 
68.360 

68.125 
67.990 

Cm. 

Cm. 

•  C. 

Room  temperatiure. 
Room  temperature; 

current  on. 
96*  C. 
136*  C. 
186*  C. 
222*  C. 
259*  C. 
305' C. 
339*  C. 
373*  C. 
373*  C. 
373*  C. 
378*  C. 
373*  C. 
373*  C. 
373*  C. 
373*  C. 
373*  C. 
373*  C;  current  oft. 

Room  temperature. 
Do. 

+0. 135 

+  .040 
+  .035 
+  .110 
+  .150 
+  .045 
+  .070 
+  .060 
+  .080 
+  .050 
+  .015 
+  .015 
-1-  .010 
+  .010 
+  .010 
+  .010 
0.000 
-1-  .060 

-  .235 

-  .135 

0.135 

.175 
.210 
.320 
.470 
.516 
.686 
.635 
.716 
.766 
.780 
.796 
.805 
.816 
.825 
.835 
.835 
.885 

.650 
.615 

23 

23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
21 

26 
21 

BE3EAB€H. 


195 


EXPEBIMEKT  NO.  21. 

[Final  temperature,  271*  C] 


Time. 


Nov.  16: 

10.03  a.  m. 

10.38  a.  m. 

11.15  a.  m . 

11.25  a.  m. 

12.00  m... 
Nov.  17: 
;  8.10  a.  m. 

8.35  a.  m. 


8.45 

8.54 

8.58 

9.05 

9.07 

9.17 

9.30 

10.00 

10.30 

11.00 

11.30 

12.00 

12.30 

1.00 

1.30 

2.00 

2.30 

3.07 

3.10 

3.30 

3.48 

4.15 

4.55 

Nov.  18: 

8.00 

8.15 


a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
m... 
p.m. 


m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 


a.  m. 
a.  m. 


Load 

Length 

wire 
between 

T«oa<1 
(pounds). 

(pounds 

per 
square 

inch). 

marks. 

Cm. 

84 

5,250 

68.455 

954 

60.000 

68.590 

-  954 

60,000 

68.580 

954 

60,000 

68.575 

954 

60,000 

68.575 

954 

60,000 

68.590 

954 

60,000 

68.590 

954 

60,000 

68.665 

954 

60,000 

68.730 

954 

60,000 

68.790 

954 

60,000 

68.850 

954 

60.000 

68.875 

954 

60,000 

68.885 

954 

60,000 

68.890 

954 

60,000 

68.890 

954 

60,000 

68.895 

954 

60,000 

68.895 

ywt 

60,000 

68.895 

954 

60,000 

68.900 

954 

60,000 

68.895 

954 

60,000 

68.900 

954 

60,000 

68.895 

954 

60,000 

68.900 

954 

60,000 

68.900 

954 

60,000 

68.895 

954 

60,000 

68.880 

954 

60,000 

68.850 

954 

60,000 

68.830 

954 

60,000 

68.795 

954 

60,000 

68.776 

954 

60,000 

68.730 

84 

5,250 

68.595 

Ch 
in  I 


Cm. 


+0.135 

-  .010 

-  .005 
0.000 

+  .015 
0.000 

+  .075 

+  .065 

+  .060 

+  .060 

+  .025 

4-  .010 

+  .005 

0.000 

+  .005 

0.000 

0.000 

+  .005 

-  .005 
+  .005 

-  .005 
+  .005 

0.000 

-  .005 

-  .015 

-  .030 

-  .020 

-  .035 

-  .020 

-  .045 

-  .135 


Total 
exten- 
sion. 


Cm. 


0.135 
.125 
.120 
.120 

.135 
.135 

.210 
.275 
.335 
.395 
.420 
.430 
.435 
.435 
.440 
.440 
.440 
.445 
.440 
.445 
.440 
.445 
.445 
.440 
.425 
.395 
.375 
.340 
.320 

.275 
.140 


Tem- 
pera- 
ture 
of 
room. 


C. 


23 
24 
24 
24 
24 

24 
24 

24 
24 
24 
24 
24 
24 
24 
24 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 

20 
20 


Temperature  of 
furnace. 


Room  temperature. 
Do. 
Do. 
Do. 
Do. 

Do. 
Room  temperature; 

current  on. 
135*  C. 
186*  C. 
222*  C. 
259*  C. 
271*  C. 
271*  C. 
271*  C. 
271*  C. 
271*  C. 
271*  C. 
271*  C. 
271*0. 
271*  C. 
271*  C. 
271*  C. 
271*  C. 
271*  C. 

271*  C;  current  off. 
259*  C. 
210*  C. 
174*  C. 
136*  C. 
96*  C. 

Room  temperature. 
Do. 


exfekheent  no.  33. 

[Final  temperature,  87*'  C.) 


Tbue. 

Load 

(poondj) 

per 

win 
between 

as. 

Total 

£ 

'TKr- 

Noy.lS: 

Cm, 

Cm. 

Cn. 

•c 

0.31  a.  m.. 

M 

s,zu 

67.465 

31 

9.«».m.. 

tM 

eoooo 

67.  BOS 

"+oM' 

■■■(k'iao' 

■a 

Do.      "^       ■ 

fl.U&.m.. 

»4 

6o;ooo 

67.fie6 

31 

0.14 a.  m.. 

BB4 

)» 

67.  MO 

+    045 

.176 

31 

«?r"-^ 

e.S8».nI.. 

S5i 

wo 

87.678 

+ 

m 

.310 

31 

186 

C 

10.07  ».m.. 

)» 

67.740 

085 

31 

C. 

065 

35C 

ia2a.m!! 

)» 

67!  850 

065 

:j85 

10,30a.  in-. 

eu 

wo 

67.  WO 

+ 

040 

.U6 

33t 

10.Ma.m.. 

m 

)» 

67.M0 

+ 

060 

!4S6 

)» 

005 

373 

llisOft-tn!; 

K4 

wo 

67:bM 

+ 

010 

Isoo 

32 

373 

c: 

12.000) 

OM 

wo 

67.sr7S 

+ 

c. 

wo 

67.975 

isio 

1:30  pirn:: 

«M 

no 

6T:sto 

006 

!516 

23 

373 

c! 

3JJ5p.IB.. 

«U 

wo 

67.  em 

000 

.516 

23 

873 

c. 

a.30p.m.. 

no 

67.  WS 

.530 

c. 

S.00p.m.. 

3.S0p.  m.. 

no 

005 

!516 

39 

373 

4.0Sp.m.. 

BM 

wo 

68.000 

+ 

010 

.636 

33 

371 

c. 

t.Mp.m.. 

no 

67.  «H 

.630 

23 

C.icuiTontofl. 

67.S80 

.616 

sa 

330 

LSSpim'.'. 

no 

67.  ESS 

045 

.470 

33 

Nov.X: 

S.0Ba.m.. 

B54 

60,000 

67.  TM 

180 

.390 

32 

S.25B.ni.. 

^a» 

•'■" 

- 

.166 

33 

bzfebucbht  no.  ss. 

[Final  temperalon,  271*  G.) 


TInw. 

(pJSSl). 

{pounds 
por 

between 

asi» 

M 

s 

•"ffir" 

Cm. 

Cm          0 

•c 

0.54  a.  m. . 

064 

iio,m 

is-s 

31 

Current  on. 

8.24  a.  m. . 

""■ 

BE&BAItOH. 

P  NO.  24. 
(Tiiul  I«nip«nitnre,  373*  C.| 


mine. 

(poimds). 

per 

marb. 

Change      ^ 

:al 

Tam- 
•A 

"-fisr- 

Nov.  33: 

Pin. 

Cm.          C 

•c. 

11.07  a.  m. . 

Nov.  24: 

84 

B,2S0 

88.1*0 

M 

«aa 

37, 100 

SS.37fi 

+0.086        0. 

066 

20 

Do. 

SMt 

"■■ 

600 

37,500 

68.CT( 

0 

000 

086 

20 

Currant    «i;    room 

SMt 

SCO 

08.810 

036 

lao 

30 

96-C. 

37;S00 

8S,3eO 

S.0t 

soo 

37>0 

fl8.'38S 

036 

196 

20 

m 

c'. 

8.MB 

800 

37,600 

88,416 

226 

222 

c. 

».«)t 

37  500 

026 

20 

269 

37,500 

035 

20 

300 

flOO 

68.50S 

+ 

030 

315 

20 

339 

c." 

9.21  s 

too 

3j',600 

88,630 

025 

310 

20 

173 

c. 

9.30  b 

20 

373 

lOMc 

37;  WO 

BOO 

68:636 

( 

000 

20 

373 

c: 

llMl 

600 

00 

88,636, 

346 

21 

373 

c. 

00 

c. 

800 

373 

BOO 

00 

fl8;S40 

006 

360 

20 

373 

LOOP 

800 

00 

68,640 

( 

360 

21 

373 

1.30 1 

00 

350 

CO 

88.640 

360 

373 

2.331 

flOO 

00 

08.640 

( 

c. 

3.00  p 

800 

00 

08,640 

000 

360 

22 

373 

c. 

3.21  p 

00 

360 

C;  currant  off. 

3,30  p 

CO 

ai,oOO 

08.400 

SiM^ 

800 

gx 

68-446 

0*6 

2SE 

c: 

4.10  p 

600 

026 

230 

32 

22S 

C. 

4.20  p 

37  800 

206 

33 

c. 

4.KGp 

fiOO 

37,500 

68.365 

030 

25 

136' C. 

Not.  2S:  " 

8.02  a 

m.. 

,      800 

37,800 

«8,2B6 

070 

lot 

22 

Roomtempefatora. 

8.20  p.  m.. 

(:2S0 

68.220 

-.OTS 

22 

EZFERDCBNT  NO.  26. 

[Final  tsmperature,  288"  C.J 


Time. 

Load 
(pounda) 

Load 
per 

wire 

„ 

1 

Tem- 

Temperature  ol 

room. 

600 

68.065 

+0.085        0 

Oti4 

23 

^c^nton. 

•J/.Z 

4.65p.ni.. 

-  .030 

23 

180"  C 

600 

6S.070 

6,260 

87.985 

~ 
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EXPEBOCEKT  NO.  26. 

[Final  temperature,  373**  C] 


Time. 

Load 
(pomids). 

Nov.  27: 

10.05  a.m.. 

84 

Nov.  28: 

8.13  a.  m.. 

84 

8.34  a.  m.. 

600 

8.45  a.  m.. 

600 

8.49  a.  m.. 

600 

8.54  a.  m.. 

600 

8.58  a.  m . . 

600 

9.03  a.  m.. 

600 

9.10  a.  m.. 

600 

9.17  a.  m.. 

600 

9.23  a.  m.. 

600 

9.30  a.  m.. 

600 

10.00  a.  m.. 

600 

10.30  a.  m.. 

600 

11.00  a.  m.. 

600 

11.30  a.  m.. 

600 

12.00m 

600 

1.00  p.m.. 

600 

1.30  p.m.. 

600 

2.00  p.m.. 

600 

2.30  p.  m.. 

600 

3.00  p.m.. 

600 

3.23  p.m.. 

600 

3.33  p.m.. 

600 

3.41p.m.. 

600 

3.54  p.m.. 

600 

4.09 p.  m.. 

600 

4.40 p.  m.. 

600 

4.55  p.m.. 

600 

Nov.  29: 

8.04  a.  m.. 

600 

8.19  a.  m.. 

84 

•Load 
(pomids 

per 
square 
inch). 


5,250 

5,250 
37,500 

37,500 
37,500 
37,500 
37,500 
37,500 
37,500 
37,600 
37,500 
37,500 
37,500 
37,500 
37,500 
37,500 
37,500 
37,500 
37,500 
37,500 
37,500 
37,500 
37,500 
37,500 
37,500 
37,500 
37,500 
37,500 
37,500 

37,500 
5,250 


Length 

wire 
between 
marks. 


Cm. 
68.875 

68.875 
68.950 

69.000 
69.025 
69.060 
69.090 
69. 115 
69.155 
69.185 
69.215 
69.215 
69.220 
69.215 
69.215 
69.215 
69.220 
69.220 
69.220 
69.220 
69.225 
69.225 
69.225 
69.195 
69. 170 
69.130 
69. 110 
69.070 
69.055 

68.985 
68.900 


Change 
in  length. 

Total 
exten- 
sion. 

Cm. 

Cm. 

0.000 

0.000 

4-  .075 

.075 

+  .050 

.125 

+  .025 

.150 

+  .035 

.185 

4-  .030 

.215 

+  .025 

.240 

4-  .040 

.280 

+  .030 

.310 

+  .030 

.340 

0.000 

.340 

+  .005 

.345 

-  .005 

.340 

0.000 

.340 

0.000 

.340 

+  .005 

.345 

0.000 

.345 

0.000 

.345 

0.000 

.345 

+  .005 

.350 

0.000 

.350 

0.000 

.350 

-  .030 

.320 

-  .025 

.295 

-  .040 

.255 

-  .020 

.235 

-  .040 

.195 

-  .015 

.180 

-/.070 

.110 

-  .085 

.025 

Tem- 
pera- 
ture 
of 
room. 


«  C. 
24 

24 
24 

24 
24 
24 
24 
24 
24 
24 
24 
23 
23 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
23 

24 
24 


Temperature  of 
furnace. 


Room  temperature. 

Do. 
Room,  temperature; 

current  on. 
Do'C. 
135"  C. 
ISO^C. 
222»C. 
259*  C. 
305»C. 
339"  C. 
373"  C. 
373*  C. 
373*  C. 
373*  C. 
373"  C. 
373»C. 
373*  C. 
373*  C. 
373*  C. 
373*C. 
373*  C. 
373*  C. 

373*  C;  current  off. 
339*  C. 
305*  C. 
259*  C. 
228*  C. 
167*  C. 
146*  C. 

Room  temperature. 
Do. 


EXFEBIMENT  NO.  27. 

[Final  temperature,  271"  C] 


Time. 


Nov.  29: 

9.36  a.  m. 
9.51  a.  m. 


10.00 

10.05 

10.11 

10.17 

10.24 

10.37 

11.00 

11.30 

4.30 

Dec.  1: 

8.05 

8.17 


a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
p.  m, 

a.  m. 
a.  m. 


Load 
(pounds). 


84 
600 

600 
600 
600 
600. 
600 
600 
600 
600 
600 

600 
84 


Load 
(pounds 

per 
square 
inch).  • 


5,250 
37,500 

37,500 
3t,500 
37,600 
37,600 
37,500 
37,500 
37,500 
37,500 
37,500 

37,500 
5,250 


Length 

wire 

between 

marks. 


Cm. 
69.166 
60.250 

69.295 
69.330 
69.350 
69.380 
69.420 
69.420 
69.420 
69.420 
69.415 

69.250 
69. 175 


Tem- 

Change 
in  length. 

Total 
exten- 
sion. 

pera- 
ture 
of 
room. 

Cm. 

Gm. 

•  C 
23 
23 

+0.085 

0.085 

+  .045 

.130 

23 

+  .035 

.166 

23 

4-  .020 

.186 

23 

4-  .030 

.215 

23 

4-  .040 

.255 

23 

0.000 

.255 

23 

0.000 

.255 

23 

0.000 

.255 

23 

-  .005 

.250 

23 

-  .165 

.085 

23 

-  .076 

.010 

23 

Temperature  of 
furnace. 


Room  temperature. 
Room   temperature; 

current  on. 
96*  C. 
135°  C. 

C. 

C. 

C. 

C. 

C. 

C. 

C;  current  off. 


186 

222" 

271" 

271" 

271* 

271* 

271* 


Room  temperature. 
Do. 


BESEABCH. 
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BXFB&IMEMT  HO.  28. 

[Final  temperature,  373*  C] 


Time. 


Dec.  1: 

9.42  a.  m. 
9.55  a.  m. 


10.09 

10.13 

10.19 

10.21 

10.30 

10.38 

10.45 

10.50 

11.00 

11.30 

12.00 

12.30 

1.00 

1.30 

2.00 

2.30 

3.30 

4.25 

4.50 

5.00 

Dec.  2: 

7.58 

8.10 


a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
m... 
p.  m. 
p.  m. 
p.m. 
p.m. 
p.m. 
p.  m. 
p.m. 
p.  m. 
p.m. 

a.  m. 
a.  m. 


Load 
(pounds). 

LoAd 
(pounds 

per 
square 
inch). 

Length 

wire 
between 

Change 
in  length. 

Total 
exten- 
sion. 

Tem- 
pera- 
ture 
of 
room. 

84 
600 

600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
^600 
•600 
600 

600 
84 

5,250 
37,500 

37,500 
37,500 
37,600 
37,600 
37,500 
37,600 
37,500 
37,500 
37,500 
37,500 
37,500 
37,600 
37,500 
37,500 
37,600 
37,500 
37,500 
37,500 
37,500 
37,500 

37,500 
5,250 

Cm. 
68.305 
68.475 

68.620 
68.550 
68.500 
68.610 
68.640 
68.675 
68,700 
68.735 
68.740 
68.740 
68.740 
68.740 
68.740 
68.740 
68.740 
68.740 
68.740 
68.740 
68.740 
68.710 

68.500 
68.415 

Cm. 

Cm. 

•  C. 
22 
22 

22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 

22 
22 

+0.060 

+  .045 

-H  .030 

+  .040 

+  .020 

+  .030 

+  .035 

+  .025 

-h.035 

+  .006 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

-  .030 

-.  210 

-  .085 

0.060 

.U6 
.155 
.195 
.215 
.245 
.280 
.306 
.340 
.345 
.345 
.345 
.345 
.345 
.345 
.345 
.345 
.345 
.345 
.345 
.315 

.106 
.020 

Temperature  of 
furnace. 


Room  temperature. 
Room  temperature; 

current  on. 
96*  C. 
135*' C. 
186«C. 
222»C. 
259*  C. 
300*  C. 
339»C. 
373"  C. 
373*  C. 
373"  C. 
373*  C. 
373*  C. 
373"  C. 
373*  C. 
373*  C. 
373"  C. 
373*  C. 
373*  C. 

373*  C;  current  off. 
328*  C. 

Room  temperature. 
Do. 


EXPEBIMENT  NO.  29. 

[Final  temperature,  271**  C.) 


Time. 

Load 
(pounds). 

Load 
(pounds 

per 
square 
inch). 

Length 

wire 
between 
marks. 

Change 
in  length. 

Total 
exten- 
sion. 

Tem- 
pera- 
ture 
of 
room. 

Temperature  of 
furnace. 

Dec.  2: 

9.06a.  m.. 
9.35  a.  m,. 

9.45  a.  m.. 

9.50  a.  m... 

9.55  a.  m.. 
10.00a.  m.. 
10.08  a.  B.. 
10.30a.  IB.. 
11.15  a.  H.. 
11.45a.  a.. 
12.30  p.m.. 

1.00  p.m.. 

1.40  p.m.. 

2.40  a.  m.. 

3.10  p.m.. 

4.06  p.m.. 

4.28  p.m.. 

4.44  p.m.. 
Dec.  4: 

8.03  a.  m.. 

8.13  a.  m. . 

84 
600 

600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 

600 
84- 

1 

5,250 
37,500 

37,500 
37,500 
37,500 
37,500 
37,500 
37,500 
37,500 
37,500 
37,600 
37,500 
37,500 
37,500 
37,500 
37,500 
37,600 
37,500 

37,500 
5,250 

Cm. 
68.910 
68.990 

69.035 
60.065 
69.095 
69.130 
60.165 
69.165 
69.165 
69.170 
69.170 
60.170 
69.170 
69.170 
60.170 
69.170 
60.130 
69.110 

69.000 
68.920 

Cm. 

Cm. 

•  a 

22 
22 

22 
22 
22 
22 
21 
21 
21 
21 
21 
21 
21 
20 
20 
21 
22 
23 

21 
21 

Room  temperature. 
Room   temperature; 

current  on. 
96"  C. 
136'»C. 
186**  C. 
221"  C. 
271"  C. 
271"  C. 
271"  C. 
271"  C. 
271"  C. 
271"  C. 
271"  C. 
271"  C. 
271"  C. 

271"  C;  current  off. 
221"  C. 
186.  C. 

Room  temperature. 
Do. 

+6.080 

+  .046 

+  .030 

+  .030 

+  .035 

+  .035 

0.000 

0.000 

+  .005 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

-  .040 

-  .020 

-  .110 

-  .080 

0.080 

.125; 

.155 

.185 

.220 

.255 

.255 

.255 

.260 

.260 

.260 

.260 

.260 

.260 

.260 

.220 

.200 

.090 
.010 

t  so.  so. 

tFiiul  tempdratun,  173*  C) 


Time. 

Load 
(potmds) 

(pounds 

vlra 
betveen 

tnl^h 

Tobd 

slon. 

Tarn- 

ol 

room. 

'Tsr- 

Dec  4: 

Cm. 

Chl 

<M. 

•c. 

68.  JIB 

+6.076 

0.(W0 

Boom   temperature; 

siwa-m:: 

soo 

Si 

37,  BOO 
5.2S0 

fl8.1«0 

085 

-oi.s 

IS 

- 

Do.      **" 

r  NO.  31. 

[Final  temperature,  271°  C] 


Load 

wire 
between 

Tem- 

Time, 

(pounds). 

(pounda 

as^ 

Total 
eiten- 

^ 

Inch). 

room. 

Deo.fl: 

Cm. 

Cm. 

Cm. 

•C. 

!:St::: 

84 

5.150 
37,500 

fl7.S2S 
S7.60i> 

31 

Room   temperature; 

■■+6 

eMa.m 

eoo 

67  645 

040 

lao 

22 

M-cSl 

9,58  a.m.. 

600 

37;600 

87.680 

135 

iss 

12 

135-C. 

600 

37,500 

07.710 

186*  C. 

600 

37600 

223^0. 

600 

37,500 

67!  780 

£55 

37,500 

87.780 

256 

21 

11.0Sa.m.. 

600 

37,500 

67.780 

271- C. 

11,30  a.m.. 

600 

li 

255 

m'C 

600 

371;  c. 

1,00  p,  m." 

67)780 

255 

24 

lJOp.ra.- 

600 

37)500 

87.780 

DOO 

24 

271- C) 

aoOp,m.. 

37S00 

255 

27i;c. 

60O 

37;  500 

250 

600 

250 

24 

3:35  p!™:: 

600 

37)500 

87:j7S 

MO 

250 

23 

27i;c: 

600 

37,600 

67,790 

+ 

600 

37500 

87,780 

m-C);  current  off. 

t'.a  p.  ml ! 

000 

37,500 

24 

222-C. 

Doc  7: 

8.0s  a,  m.. 

37,500 

67.610 

130 

OSS 

84 

5.aso 

-.080 

)oos 

24 

Do. 

BESEABCH. 
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EXPEBIMEKT  NO.  82. 

[final  temperatUTB,  373*  C] 


Load 

Len^ 

wire 
between 

Tem- 

lime. 

Load 
(pounds). 

(pounds 

per 
square 

Change 
in  length. 

Total 
exten- 
sion. 

pera- 
ture 
of 

Temperature  of 
furnace. 

inch). 

marks. 

room. 

Dec.  5: 

Cm. 

Cm. 

Cm. 

•  C. 

9.09  a.  m . . 

84 

5.250 

66.725 

21 

Room  temperature. 
Room  temperature; 

9.25a.  m.. 

600 

37,500 

66.800 

+0.075 

0.076 

21 

current  on. 

9.34a.  m.. 

600 

37,500 

06.850 

-H  .050 

.125 

21 

96«C. 

9.38a.  m.. 

600 

37,500 

66.870 

-f-  .020 

.146 

21 

135»C. 

9.44  a.  m. . 

600 

37,500 

66.905 

+  .036 

.180 

21 

186»C. 

9.40  a.  m.. 

600 

37,500 

66.940 

+  .035 

.216 

21 

222*  C. 

9.55  a.  m.. 

600 

37,500 

66.965 

+  .025 

.240 

21 

259*  C. 

10.04  a.  m.. 

600 

37,500 

66.995 

+  .030 

.270 

21 

306»C. 

10.11a.  m.. 

600 

37,600 

67.025 

+  .030 

.300 

21 

339' C. 

10.20a.  m.. 

600 

37,500 

67.055 

+  .030 

.330 

21 

373*  C. 

10.30  a.  m.. 

600 

37,500 

67.055 

0.000 

.330 

21 

373*'C. 

11.00  a.  m.. 

600 

37,500 

67.055 

0.000 

.330 

20 

373*' C. 

11.30  a.  m.. 

600 

37,500 

67.055 

0.000 

.330 

20 

373"  C. 

12*00  m 

600 

37,500 

67.056 

0.000 

.330 

20 

373*C. 

1.00  p.m.. 

600 

37,500 

67.066 

0.000 

.330 

21 

373" C.        . 

1.30  p.m.. 

600 

37,500 

67.055 

0.000 

.330 

21 

373"  C. 

2.00  p.m.. 

600 

37,500 

67.065 

0.000 

.330 

23 

373*0. 

2.30  p.m.. 

600 

37,500 

67.060 

+  .005 

.836 

23 

373*  C. 

3.00  p.m.. 

600 

37,600 

67.060 

0.000 

.335 

23 

373*  C. 

3.40  p.m.. 

600 

37,500 

67.060 

0.000 

.335 

23 

373*C. 

4.20  p.m.. 

600 

37,500 

67.060 

0.000 

.3^ 

23 

373*  C;  current  oft. 

4.29  p.m.. 

600 

37,500 

67.035 

-  .025 

.310 

23 

839*  C. 

4.38  p.m.. 

600 

37,500 

67.000 

~  .035 

.275 

28 

305*  C. 

4.55  p.m.. 

600 

37,500 

66.970 

-  .030 

.245 

23 

259*  C. 

Dec.  6: 

8.02  a.  m.. 

600 

37,500 

66.815 

-  .156 

.090 

23 

Room  temperature. 

8.15  a.  m.. 

84 

5,250 

66.745 

-  .070 

.020 

23 

Do. 

EXPEBIMEKT  KO.  33. 

[Final  temperature,  271*  C] 


Time. 


Dec.  7: 

9.10  a.  m. 
9.35  a.  m. 


9.51 

9.54 

10.03 

10.10 

10.30 

11.07 

11.30 

12.00 

•  4.10 

Dec.  8: 

8.03 

8.17 


a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 

m 

p.m. 

a.  m. 
a.  m. 


Load 
(pounds). 

Load 
(pounds 

per 
square 
inch). 

Length 

wire 

between 
marks. 

• 

Change 
in  length. 

Total 
exten- 
sion. 

Tem- 
pera- 
ture 
of 
room. 

84 
600 

600 
600 
600 
600 
600 
600 
600 
600 
600 

600 

84 

5,250 
37,500 

37,500 
37,500 
37,500 
37,500 
37,500 
37,600 
37,500 
37,500 
37,600 

37,500 
5,260 

Cm. 
68.150 
68.230 

68.326 
68.340 
68.380 
68.396 
68.396 
68.396 
68.400 
68.396 
68.396 

68.235 
68.160 

Cm. 

Cm. 

•  C. 
21 

21 

21 
21 
21 
21 
•20 
20 
20 
20 
20 

26 
26 

+0.080 

+  .095 
+  .015 
+  .040 
+  .016 
0.000 
0.000 
+  .005 

-  .005 
0.000 

-  .160 

-  .085 

0.080 

.175 
.190 
.230 
.245 
.245 
.246 
.260 
.245 
.245 

.085 
.000 

Temi>eratiu%  of 
furnace. 


Room  temperature. 
Room   temperature; 

cinrent  on. 
173*0.    . 

C. 

C. 

C. 

C. 

C. 

a 

C. 


198* 
247* 
271* 
271* 
271* 
271* 
271* 


271*  C. 

Room  temperature. 
Do. 


EXFBSDCBNT  MO.  87. 

nasi  tampontan,  373*  C.| 


Time. 

(pounds) 

pet 

mwto. 

Cbauee 
tail^ 

ToUl 

TeiD- 

^"«r« 

Dec.  8: 

Cm. 

Cm. 

Cm. 

■c 

ffi::.: 

«n 

AS! 

0T.636 

23 
13 

testas™, 

""+0 

065 

"'O.085 

»M  a.  m. . 

07.765 

+ 

OU 

.130 

90' C. 

S.44B.  m. . 

MO 

87.806 

+ 

0«0 

».«a.ni.. 

87.630 

COi 

!ltH 

ISf 

C 

».i3m.m.. 

«T.g6S 

035 

.230 

23 

222 

c 

+ 

OBi 

.366 

33 

200 

lOM  s.  m!  ^ 

600 

87;»66 

+ 

X3 

306 

10.12*.  m.. 

600 

67.900 

!3St 

330 

10.1«B.m.. 

600 

68.050 

.415 

23 

373 

c 

10.30  b.  m.. 

600 

flS-OJS 

+ 

aa 

.440 

23 

600 

68.685 

+ 

23 

11. Mb.  m.. 

600 

68.005 

ViMm 

68.100 

!46S 

13 

373 

c 

U304..III.. 

68.100 

a 

000 

.465 

23 

c 

i 

600 

68.105 

+ 

005 

.470 

liaopiS:: 

660 

68.110 

+ 

c 

2.00  p.™.. 

600 

68.110 

c 

2Mp.m.. 

660 

68.115 

+ 

005 

:480 

23 

373 

c 

3.J3P.I11.. 

600 

68.120 

+ 

DOS 

.486 

22 

3.M  p.  m. . 

660 

68.120 

.485 

13 

<.10p.in.. 

600 

68.130 

.485 

cumntoff. 

4.MP.II... 

660 

37;S60 

68.  OH 

23 

33e 

c 

37,660 

68.005 

130 

:43o 

23 

c 

Dect?'-"'- 
8.03  a.m.. 

800 

37,660 

68.035 

060 

37,560 

67,885 

_ 

160 

.250 

20 

Boom  lempeiaCure. 

8.UB.  m.. 

84 

6,2S0 

m.TOO 

-    005 

.155 

20 

Do. 

EXFEBWEHT  HO.  3.8. 

[Final  temperatm,  351°  C.| 


■nme. 

Load 

(pounds). 

Load 
(pounds 

si? 

Length. 

betwoMi 
marks. 

Chgige 
lenglh. 

Total 

at 

■"-isr- 

Dec.O; 

Cm. 

Cm 

Cn. 

'  C 

0.10  a.  m. . 

84 

5,250 

68.040 

22 

B.as  a.  m. . 

37;5O0 

08.120 

'+6;686' 

"6:m 

22 

000 

37.SO0 

88.165 

+     045 

M 

9:40  aim;: 

800 

37,500 

149 

C. 

>.4S  a.  m. . 

37;S00 

8b!245 

035 

!205 

22 

IBt 

c 

88.280 

+ 

035 

.240 

22 

'       800 

37;5O0 

68.330 

800 

37,500 

095 

23 

10.30  a.  m, . 

37  500 

88' 445 

23 

c 

11.00  a.m.. 

37,500 

68.450 

005 

23 

c 

12,00  m 

37,500 

68.456 

006 

1.05  p.m.. 

800 

37,600 

68.460 

!420 

1.35  p.m.. 

37  500 

.420 

2.00  p.  m.. 

37,600 

000 

.120 

23 

2.40  p.m.. 

37,500 

68.465 

+ 

005 

3.25  p.m.. 

600 

37,600 

68.470 

!430 

4.14  p.m.. 

4.30  p.m.. 

055 

22 

2M 

c 

68:395 

020 

:355 

22 

c 

4.50 p!  mi! 

'aCBa.  m.. 

600 

37,500 

68.380 

.340 

600 

37,600 

88  245 

_ 

136 

205 

IT 

Room  temperature. 

B.13a.  m.. 

84 

5,250 

68:iS5 

-    000 

:ij5 

17 

BESEABCH. 
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EZFEBUCENT  NO.  38. 


[Final  temperature,  300*  C] 


Time. 

Load 
(pounds). 

Load 
(pounds 

per 
square 
inch). 

Lenfftb 

wire 

between 

marks. 

Change 
length. 

Total 
exten- 
sion. 

Tem- 
pera- 
ture 
of 
room. 

• 

Temperature  of 
furnace. 

Dec.  11: 

9.06  a.  m. . 
9.19  a.m.. 

9.19  a.  m. . 

9.33  a.  m. . 

9.40  a.m.. 

9.49  a.  m. . 

9.56  a.  m. . 
10.05  a.  m. . 
10.30  a.  m. . 
11.00  a.  m.. 
11.30  a.m.. 
12.00m 

1.00  p.m.. 

2.00  p.m.. 

2.40  p.m.. 

3.30  p.m.. 

3.56  p.m.. 

4. 10  p.  m. . 

4.35  p.m.. 
Dec.  12: 

8.05  a.m.. 

8.16  a.m.. 

84 
,600 

600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 

600 
84 

5,250 
37,500 

37,500 
37,500 
37,500 
37,500 
37,500 
37.500 
37,500 
37,500 
37,500 
37,500 
37,500 
37,500 
37,500 
37,500 
37,500 
37,500 
37,500 

37,500 
5,250 

Cm. 
60.220 
60.326 

69.376 
69.390 
60.440 
69.500 
60.545 
60.555 
69.565 
60.565 
69.565 
60.565 
60.565 
60.575 
69.575 
69.575 
69.575 
60.545 
69.500 

60.400 
60.300 

Cm. 

Cm. 

•  C. 
19 
19 

20 
20 
20 
20 
20 
20 
20 
21 
21 
21 
22 
22 
22 
22 
22 
22 
22 

25 
25 

Room  temperature. 
Room  temperature. 

current  on. 
109"  C. 

XOS'C. 
259"  C. 
300- C. 
300'C. 
300'C. 
300"  C. 

soo-c. 

300«C. 

300«C. 

300"  C. 

300- C. 

300*  C. 

300"  C;  current  off. 

259' C. 

198"  C. 

Room  temperature. 
Do. 

+0.105 

+  .050 

+  .015 

+  .050 

+  .060 

+  .045 

+  .010 

+  .010 

0.000 

0.000 

0.000 

0.000 

+  .010 

0.000 

0.000 

0.000 

-  .030 

-  .045 

-  .100 

-  .100 

0.105 

.155 
.170 
.220 
.280 
.325 
.335 
.345 
.345 
.345 
.345 
.345 
.355 
.355 
.355 
.355 
.325 
.280 

.180 
.080 

EXPEBIXENT  NO.  40. 


[Final  temperature,  271"  C] 


Time. 

Load 
(l>ounds). 

Load 
(l>ounds 

per 
square 

inch). 

liongth 

wire 

between 

marks. 

Change 

in 
length. 

Total 
exten- 
sion. 

Tem- 
pera- 
ture 
of 
room. 

Temperature  of 
furnace. 

Dec.  12: 

9.25  a.  m. . 
9.34  a.  m. . 

9.44  a.  m. . 

9.47  a.  m. . 
9.54  a.  m. . 
9.59  a.  m. . 

10.06  a.  m. . 
10.30  a.m.. 
11.00  a.m.. 
11.30  a.m.. 
12.00m 

1.00  p.m.. 

1.40  p.m.. 

2.05  p.m.. 
2.40  p.m.. 
3.10  p.m.. 

3.48  p.m.. 

4.06  p.m.. 

4.26  p.m.. 
4.43  p.  m. . 

Dec.  13: 

8.03  a.  m. . 
8.12  a.m.. 

84 
600 

600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 

600 
84 

5,250 
37,600 

37,500 
37,500 
37,500 
37,500 
37,500 
37,500 
37,500 
37,500 
37,500 
37,500 
37,500 
37,500 
37,500 
37,600 
37,500 
37,500 
37,500 
37,500 

37,500 
5,250 

Cm. 
68.430 
68.605 

68.555 
68.580 
68.620 
68.650 
68.705 
68.706 
68.710 
68.710 
68.710 
68.716 
68.716 
68.720 
6&720 
68.715 
.  68. 715 
68.715 
68.685 
68.660 

68.555 
68.465 

Cm. 

Cm. 

•  C. 
23 
23 

23 
22 
22 
22 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
20 
20 
20 
20 

21 
21 

Room  temperature. 
Room  temperature; 
current  on. 
96"  C. 
135"  C. 
186"  C. 
222"  C. 
271"  C. 
271"  C. 
271"  C. 
271"  C. 
271"  C. 
271"  C. 
271"  C. 
271"  C. 
271"  C. 
271"  C. 
271"  C. 

271"  C;  current  off. 
222"  C. 
186"  C. 

Room  temperature. 
Do. 

+0.075 

+  .050 
+  .025 
+  .040 
+  .030 
+  .056 

0.000 
+  .005 

0.000 

0.000 
+  .005 

0.000 
+  .006 

0.000 

-  .005 
0.000 
0.000 

-  .a30 

-  .025 

-  .105 

-  .090 

0.075 

.126 
.160 
.190 
.220 
.276 
.276 
.280 
.280 
.280 
.286 
.285 
.290 
.290 
.286 
.285 
.285 
.255 
.230 

.126 
.035 

204 
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EZFBBUCEHT  KO.  41. 

[Final  temperature,  228*  C] 


Time. 

* 

Load 

(pounds). 

Load 
(pounds 

per 
square 
inch). 

Ii«ngth 

wire 

between 

marks. 

1 

Qiange  |    Total 
in       1  exten- 
length.  1    sion. 

Tem- 
pera- 
ture 
of 
room. 

Temperature  of 
furnace. 

Dec.  13: 

9.30  a.  m.. 
9.45  a.  m.. 

9.54  a.  m.. 

9.57  a.  m.. 
10.00  a.  m.. 
10.06  a.  m.. 
10.30  a.  m.. 
11.00  a.  m.. 
11.30  a.m.. 

12.00  m 

12.30  p.m.. 

4.06  p.m.. 
Dec.  14: 

8.04  a.  m.. 

8.18a.  m.. 

84 
600 

600 
600 
600 
600 
600 
600 
600 
600 
600 
600 

600 
84 

5,250 
37,500 

37,500 
37,500 
37,500 
37.500 
37,500 
37,500 
37,500 
37,500 
37,500 
37,500 

37,500 
5,250 

Cm. 
67.640 
67.735 

67.770 
67.800 
67.845 
67.880 
^  67. 886 
67.890 
67.890 
67.885 
67.885 
67.885 

67.755 
67.680 

1 
Cm.         Cm. 

•c. 

22 
22 

22 
22 
22 
22 
22 
22 
22 
22 
22 
22 

23 
23 

Boom  temperature. 
Boom   temperature; 
cuzrent  on. 
96*  C. 
135*  C. 
186*  C. 
228*  C. 
228*  C. 
228*  C. 
228*  C. 
228*  C. 
228*  C. 
228*  C;  current  off. 

Boom  temperature. 
Do. 

+0.095 

+  .035 
+  .030 
+  .045 
+  .035 
+  .005 
+  .005 
0.000 

-  .005 
0.000 
0.000 

-  .130 

-  .075 

0.095 

.130 
.160 
.205 
.240 
.245 
.250 
.250 
.245 
.245 
.245 

.115 
.040 

EZFEBUCENT  NO.  42. 

[Final  temperature,  373*  C] 


Time. 

Load 
(pounds). 

Load 
(pounds 

per 
square 
inch). 

liength 

wire 

between 

marks. 

Change 

in 
length. 

i  Tem- 
Total   ■  pera- 
exten-  ■    ture 
sion.    ;      of 

.  room. 

i 

Temperature  of 
furnace. 

Dec.  15: 

9.30  a.  m.. 
9.45  a.  m. . 

■ 

9.54  a.  m.. 
10.00a.  m.. 
10.08  a.  m.. 
10.13a.  m.. 
10.20  a.  m. . 
10.26  a.  m.. 
10.33  a.  m.. 
11.00  a.m.. 
11.30  a.m.. 
12.00m 

1.00  p.m.. 

1.65  p.m.. 

2.35  p.m.. 

3.05  p.m.. 

3.40  p.m.. 

4.20  p.m.. 

4.33  p.  m. . 

4.45  p.m.. 

4.50  p.  m. . 
Dec.  16: 

8.09  a.  m.. 

8.22a.  m.. 

84 
758 

758 
758 
758 
758 
758 
758 
758 
758 
758 
758 
758 
758 
758 
758 
758 
758 
768 
758 
758 

758 
84 

5,250 
47,500 

47,500 
47,600 
47,500 
47,500 
47,600 
47,500 
47,600 
47,500 
47,500 
47,500 
47,600 
47,500 
47,500 
47,500 
47,500 
47,500 
47,500 
47,500 
47,600 

47,600 
6,260 

Cm. 
68.040 
68.165 

68.215 
68.260 
68.295 
68.335 
68.395 
68.440 
68.615 
68.540 
68.555 
68.555 
68.565 
68.570 
68.675 
68.586 
68.590 
68.590 
68.590 
68.660 
68.535 

68.355 
68.250 

Cm. 

Cm, 

•  C. 
21 

Boom  temperature. 

current  on. 
109*  C. 
173*  C. 
222*  C. 
259*  C. 
305*  C. 
339*  C. 
373*  C. 
373*  C. 
373*  C. 
373*  C. 
373*  C. 
373*  C. 
373*  C. 
373*  C. 
373*  C. 
373*  C. 

373*  C;  current  off. 
328*  C. 
305* C.   , 

Boom  tej^perature. 
Do. 

+0.125 

+  .050 
+  .045 
+  .035 
+  .040 
+  .060 
+  .045 
+  .075 
+  .<J25 
+  .016 
0.000 
+  .010 
+  .005 
+  .005 
+  .010 
+  .005 
0.000 
0.000 

-  .030 

-  .026 

-  .180 

-  .105 

ai25 

.176 
.220 
.255 
.295 
.355 
.400 
.476 
.500 
.515 
.515 
.525 
.530 
.536 
.545 
.550 
.650 
.650 
.520 
.495 

.315 
.210 

21 

21 
21 
21 
21 
21 
21 
21 
21 
21 
22 
23 
23 
23 
23 
23 
23 
23 
23 
23 

22 
22 

BESEABCH. 


205 


BZFEBUCENT  NO.  43. 


[Final  temperature,  300**  C] 


Time. 


Dec.  16: 

9.26  a.  m. 
9.38a.  m. 


9.46 

9.55 

10.02 

10.06 

10.15 

10.35 

11.00 

11.30 

11.55 

12.35 

1.05 

1.35 

3.00 

3.35 

3.55 

4.15 

4.30 

4.44 

Dec.  18: 

8.08 

8.16 


a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
p.  m. 
p.  m. 
p.  m. 
p.  m. 
p.m. 
p.m. 
p.  m. 
p.  m. 
p.  m. 

a.  m. 
a.  m. 


Load 
(pomids). 


84 
758 

758 
758 
758 
758 
758 
758 
758 
758 
758 
758 
758 
758 
758 
758 
758 
758 
758 
758 

758 
84 


Load 
(l)omids 

per 
square 
inch). 


6,250 
47,600 

47,600 
47,500 
47,500 
47,500 
47,500 
47,500 
47,600 
47,500 
47,600 
47,500 
47,600 
47,500 
47,500 
47,500 
47,500 
47,500 
47,600 
47,500 

47,500 
5,260 


Lensith 

Tem- 

Change 

Total 

pera- 

wire 

in 

exten* 

ture 

between 

leng:th. 

sion. 

.    of 

marks. 

room. 

Cm, 

Cm. 

Cm, 

•a 

68.270 

23 
23 

68.385 

+0.116 

0.116 

68.435 

+  .060 

.166 

23 

68.495 

+  .060. 

.226 

23 

68.535 

+  .040 

.265 

23 

68.570 

+  .035 

.300 

23 

68.620 

+  .060 

.360 

23 

68.635 

+  .016. 

.866. 

23 

68.640 

+  .005 

.870 

23 

68.645 

+  .005 

.375 

22 

68.645 

0.000 

.375 

22 

68.650 

+  .005 

.380 

22 

68.650 

0.000 

.380 

21 

68.650 

0.000 

.380 

22 

68.665 

+  .006 

.886 

22 

68.-665 

0.000 

.886. 

22 

68.660 

+  .005 

.390 

22 

68.660 

0.000 

.390 

22 

68.620 

-  .040 

.350 

22 

68.606 

-  .016 

.336 

22 

68.470 

-  .135 

.200 

20 

68.360 

-  .110 

^090 

20 

Temperature  of 
furnace. 


Room  temperature. 
Room  temperature; 

current  on. 
109^0. 

m**  C. 

222*  C. 

269*  C. 

300'C. 

300*  C. 

300'C. 

300*  C. 

300"  C. 

300'C. 

300"  C. 

300*  C. 

300'C. 

300«C. 

300*  C 

300"  C.';  current  off. 

259*  C. 

222"  C. 

Room  temperature. 
Do. 


EXPEBOCENT  NO.  44. 


[Final  temperature,  350"  C] 


Time. 

T,oad 
(pounds). 

Load 
(pounds 

per 
square 
inch). 

Lenffth 

wire 

between 

marks. 

• 

Change 
in  length. 

Total 
exten- 
sion. 

Tem- 
pera- 
ture 
of 
room. 

Temperature  of 
furnace. 

r 

Dec.  18: 

9.21a.  m.. 
9.40a.  m.. 

9.54a.  m.. 
10.04  a.  m. . 
10.10  a.  m.. 
10.18  a.  m.. 
10.27a.  m.. 
10.40a.  m.. 
11.00  a.m.. 
11.15  a.m.. 
11.30  a.  m.. 
12.00  m 

1.00  p.m.. 

1.30  p.  m:. 

2.00  p.m.. 

2.30  p.m.. 

3.15  p.  m. . 

4.10  p.  m.. 

4.27  p.m.. 

4.40  p.m.. 

4.57  p.  m. . 
Deo.  19: 

8.04  a.  m. . 

8.20a.  m.. 

84 

759 

759 
759 
759 
750 
759 

•    759 
769 

.   759 
759 
769 
759 
769 
759 
759 
759 
769 
769 
769 
759 

769 
84 

5,260 
47,500 

47,500 
47,600 
47,600 
47,600 
47,600 
47,600 
47,600 
47,500 
47,500 
47,500 
47,500 
47,500 
47,500 
47,500 
47,500 
47^600 
47,500 
47,600 
47,500 

47,600 
6,260 

Cm. 
67.200 
67.315 

67.426 
67.466 
67.606 
67.660 
67.626 
67.645 
67.655 
67.660 
67.665 
67.670 
67.675 
67.675 
67.680 
67.685 
67.685 
^.685 
67.600 
67.655 
67.625 

67.470. 
67.350 

Cm. 

Cm. 

•  a 

20 
20 

20 
20 
20 
20 
20 
20 
20 
21 
21 
21 
21 
21 
21 
21 
22 
22 
22 
22 
22 

21 
22 

Room  temperature. 
Room  temperature; 

current  on. 
173"  C. 
222*  C. 
259"  C. 
305"  C. 
350"  C. 
350"  C. 
350"  G. 
350"  C. 
350"  C. 
350"  C. 
350"  C. 
350"  C. 
350"  C. 
350"  C. 
350"  C. 
350"  CL 

350"  C;  current  off. 
305"  C. 
259"  C. 

Room  temperature. 
Do. 

+0.115 

+  .110 

+  .040 

+  .040 

•  +  .055 

+  .065 

+  .020 

+  .010 

+  .005 

+  .005 

+  .005 

+  .005 

0.000 

+  .005 

+  .005 

0.000 

-    0.000 

+  .005 

-  .035 

-  .030 

-  .166 

-  ,120 

0.115 

.305 
.360 
.425 
.446 
.455 
.460 
.466 
.470 
.475 
.475 
.480 
.485 
.485 
--.485 
.490 
.455 
.425 

.270 
.160 

EZFBBUCBNT  HO.  it 

(Fliul  tempanton,  371'  C.I 


Time. 

Losd 

(pounds) 

win 

■asi 

ToUl 
lioll. 

Tgnc 

"issr" 

I>«e.l«: 

Om. 

'C 

ft.41  a.  m. . 

7B8 

47;bi» 

n.610 

21 

+o.niB 

6.106 

m-c"*"- 

Decsbr          *' 

S-lBaim:; 

84 

4T,ua 
s,aio 

87:476 

-  .030 

-  '.VM 

.38( 

a 

33 

.070 

»».„. 

EXtEBnCBNT  HO.  4SA. 

[Final  Mmpentuie,  271°  C] 


Load 

X 

Tem- 

Time. 

Load 

(pounds) 

per 

iTl^.    •». 

■iS^ 

marb. 

rooni. 

m 

8.46  s.m.. 

7BS 

77.  »M 

+0.140      a 

12 

§.iS  B.  m. . 
8.1*8.  m.. 

84 

77:890 

200 

23 
23 

-.126 

Do. 

keseasoh. 

EXFEBHIBNT  no.  46. 
[Filial  tempentura,  223*  C.| 


Time. 

Load 
(pounds) 

per 

wire 

£^^- 

Total 

rl" 

Dec.  20: 

B.«a.  m.. 
9.J«a.in.. 

11: 

s 

768 
768 

i 
11 

17,600 

«,600 
6,260 

.Si. 

68.000 

SS! 
S:l!8 

ea.iio 

00.116 
89.115 
00.116 
09.116 

08.S95 
08. 8W 

Cm. 

Cm. 

•  c. 

1 

23 
22 

11 

222"  c:;  current  off. 

+0.120 

ts 
vi 

olooo 

-  .120 

0.120 

:23» 

.U70 

:376 
.166 

[Final  tempemture,  31 


■Kme. 

<,a,. 

« 

LenetH 
vrtre 

ll 

: 

s 

Temperature  ot 

S 

marte. 

Cm. 

Cm. 

room. 

Dm.  21: 

Cm 

"C. 

8.5Sa.m.. 

84 

4?;^ 

67.046 

88.050 

22 

current  on. 

+ 

050 

9fl"C. 

9:a»a:n.:: 

758 

4t;soo 

88,175 

+ 

075 

:!30 

186 

C                            1 

9,«a.  m.. 

768 

47  600 

88,265 

+ 

47;5O0 

+ 

26e 

!446 

305 

lo.ma.m.: 

47;5O0 

+ 

055 

,600 

339 

C 

10.13  a.m.. 

768 

68,  IS 

+ 

.670 

305 

C 

10.30  a.  n... 

47;5oa 

050 

306 

030 

395 

«b!  15 

+ 

305 

c 

12.00  m 

758 

47,500 

08,045 

i 

.700 

395 

c 

12.30  p.  m... 

47,500 

68,666 

395 

47,500 

395 

c 

+ 

:785 

396 

c 

3.30  p.m.. 

7S8 

4TS00 

68-  40 

+ 

395 

*.00p.m.. 

47,500 

88.    45 

396 

■  carreot  off. 

47)500 

88!    20 

025 

339 

c 

4.32  p.m.. 

7S8 

47,600 

68.080 

,736 

305 

259 

4:68  p!  m' ! 

47;600 

esioa) 

222"  C 

8.04  a.  m.. 

758 

47,500 

08,475 

146 

.630 

20 

8.1B».  m.. 

S4 

S,2S0 

68,370 

-,105 

208 


BESEABCH. 


EXPEBOCENT  NO.  48. 

[Final  temperature,  373**  C] 


Time. 


Dec.  27: 

9.10  a.  m. 
9.25  a.  m. 


9.33 

9.38 

9.42 

9.51 

9.59 

10.11 

10.30 

11.10 

11.45 

1.00 

1.30 

2.30 

3.30 

4.12 

4.29 

4.48 

Dec.  28: 

8.04 

8.20 


a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
p.m. 
p.  m. 
p.  m. 
p.m. 
p.m. 
p.m. 
p.m. 

a.  m. 
a.  m. 


Load 
(pounds). 

T.oad 
(pounds 

per 
square 

inch). 

Length 

wire 

between 

marks. 

« 

Change 
in  length. 

Total 

exten- 
sion. 

84 
758 

758 
758 
758 
758 
758 
758 
758 
758 
758 
758 
758 
758 
758 
758 
758 
758 

758 
84 

5,250 
47,500 

47,500 
47,500 
47,500 
47,500 
47,500 
47,500 
47,500 
47,500 
47,500 
47,500 
47,500 
47,500 
47,500 
47,500 
47,500 
47,500 

47,500 
5,250 

Cm. 
67.770 
67.875 

67.920 
67.955 
68.020 
68.170 
68.255 
68.365 
68.405 
68.435 
68.445 
68.445 
68.460 
68.475 
68.485 
68.490 
68.440 
68.395 

68.250 
68.145 

Cm. 

Cm. 

+0.105 

+  .045 
+  .035 
+  .065 
+  .150 
+  .085 
+  .110 
+  .040 
+  .030 
+  .010 
0.000 
'  +  .015 
+  .015 
+  .010 
+  .005 

-  .050 

-  .045 

-  .145 

-  .105 

0.105 

.150 
.185 
.250 
.400 
.485 
.595 
.635 
.665 
.675 
.675 
.690 
.705 
.715 
.720 
.670 
.625 

.480 
.375 

Tem- 
pera- 
ture 
of 
room. 


C. 
20 
20 

20 
20 
20 
20 
20 
20 
20 
22 
22 
22 
22 
22 
22 
23 
23 
23 

24 
24 


Temperature  of 
furnace. 


Room  temperature. 
Boom   temperature; 

current  on. 
96'C. 
149*  C. 
198"  C. 
259*  C. 
317"  C. 
373"  C. 
373*  C. 
373*' C. 
373'»  C. 
373«C. 
373*  C. 
373*  C. 
373'*  C. 

373"  C;  current  off. 
317'*  C. 
259"  C. 

Boom  temperature. 
Do. 


EXPEBOCENT  NO.  49. 


[Final  temperature,  373"  C] 


Time. 

Load 
(pounds). 

Dec.  28: 

9.10  a.  m.. 

84 

9.28  a.  m.. 

758 

9.37  a.  m.. 

758 

9.42  a.  m.. 

758 

9.49  a.  m.. 

758. 

10.00  a.  m.. 

758 

10.05  a.  m.. 

758 

10.12  a.  m.. 

768 

1Q.21  a.  m. . 

758 

10.30a.  m.. 

768 

-11.00  a.  m.. 

768 

12.25  p.  m. . 

768 

1.00  p.m.. 

758 

2.15  p.m.. 

758 

2.40  p.  m.. 

75S 

3.15  p.m.. 

758 

3.48  p.m.. 

768 

4.21  p.  m. . 

758 

4.30  p.m.. 

758 

4.41  p.  m.. 

758 

4.55  p.  m. . 

•    758 

Dec.  29: 

8.05  a.  m.. 

758 

8.25  a.  m.. 

84 

Load 
(pounds 

per 
square 
inch). 


5,250 
47,500 

47,500 
47.500 
47,500 
47,500 
47,500 
47,500 
47,500 
47,500 
47,500 
47,600 
47,500 
47,500 
47,600 
47,500 
47,500 
47,500 
47,500 
47,500 
47,500 

47,500 
5,250 


Length 

wire 

between 

maxks. 


Cm. 
68.095 
68.215 

68.255 
68.285 
68.330 
68.390 
68.  «0 
68.450 
68.485 
68.490 
68.490 
68.490 
68.495 
68.495 
68.500 
68.500 
68.500 
68.500 
68.475 
68.440 
68.410 

68.265 
68.145 


Tem- 

Change 
in  length. 

Total 
exten- 
sion. 

pera- 
ture 
of 
room. 

Cm. 

Cm. 

22 
22 

+0.120 

0.120 

+  .040 

.160 

22 

+  .030 

.190 

22 

+  .045 

.235 

22 

+  .060 

.295 

22 

+  .030 

.325 

22 

+  .030 

.355 

^ 

+  .035 

.390 

22 

+  .005 

.395 

22 

•    0.000 

.395 

21 

0.000 

.395 

20 

+  .005 

.400 

20 

0.000 

.400 

23 

+  .005 

.405 

23 

0.000 

.405 

23 

0.000 

.405 

23 

0.000 

.405 

23 

-  .025 

.380 

23 

-  .035 

.345 

23 

-  .030 

.315 

23 

-  .145 

.170 

23 

-  .120 

.050 

23 

Temperature  of 


nperatu] 
furnace 


Room  temperature. 
Room  temperature; 
current  on. 
96°  C. 
135«C. 
198*  C. 
271"  C. 
305"  C. 
339°  C. 
373*  C. 
373°  C. 
373°  C. 
373°  G. 
373° 
373° 
373° 
373° 
373^ 


373* 
339* 
294* 
259< 


C. 

C. 

C. 

C. 

C. 

C; 

C. 

C. 

C. 


current  off. 


Room  temperature. 
Do. 


HESEABOH. 


209 


ezfebucent  no.  50. 

[Final  temperature,  300*  C] 


Time. 

Load 
(pounds). 

Load 
(pounds 

per 
square 
inch). 

Tien^b 

wire 

between 

marks. 

Change 
in  length. 

Total 
exten- 
sion. 

Tem- 
pera- 
ture 
of 
room. 

Temperature  of 
furnace. 

Dec.  29: 

9.20  a.  m.. 
9.37  a.  m. . 

9.46  a.  m.. 

9.50  a.  m.. 

9.57  a.  m. . 
10.06  a.  m. . 
10.12  a.  m.. 
10.30  a.  m.. 
11.00  a.  m.. 
11.30  a.  m. . 
12.00  m 

1.00  p.  m. . 

1.30  p.m.. 

2.00  p.m.. 

2.30  p.m.. 

3.00  p.m.. 

3.30  p.  m. . 

4.12  p.m.. 

4.26  p.m.. 

4.40  p.m.. 

4.50  p.m.. 
Dec.  30: 

8.03  a.  m. . 

8.19  a.m.. 

84 
758 

758 
758 
758 
758 
768 
758 
758 
758 
758 
758 
758 
768 
758 
758 
'    758 
758 
758 
758 
758 

758 
84 

5,250 
47,500 

47,500 
47,500 
47,600 
47,500 
47,600 
47,600 
47,600 
47,600 
47.600 
47,600 
47,600 
47,500 
47,500 
47,500 
47,600 
47,500 
47,500 
47,500 
47,500 

47,500 
5,260 

Cm, 
68.386 
68.505 

68.655 
68.680 
68.626 
68.675 
68.710 
68.710 
68.710 
68.705 
68.705 
68.705 
68.705 
68.705 
68.705 
68.705 
68.705 
68.706 
68.670 
68.650 
68.630 

68.520 
68.410 

Cm. 

Cm. 

23 
23 

23 
23 
23 
23 
24 
24 
24 
24 
24 
23 
24 
24 
22 
22 
20 
20 
22 
22 
22 

17 
18 

Room  temperature. 
Boom  temperature; 

current  on. 
96*  C. 
135*  C. 
198"  C. 
269«C. 
300«C. 
300"  C. 
300"  C. 
300-0. 
300*  C. 
300"  C. 
300*  C. 
300*  C. 
300*  C. 
300*  C. 
300*  C. 

300*  C;  curmet  off. 
259*  C. 
222'*  C. 
198*  C. 

Room  temperature. 
Do. 

+0. 110 

+  .060 
+  .025 
+  .045 
+  .060 
+  .036 
0.000 
0.000 

-  .005 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

-  .035 

-  .020 

-  .020 

-  .110- 

-  .110 

6.116 

.160 
.185 
.230 
.280 
.315 
.316 
.316 
.310 
.310 
.310 
.310 
.310 
»      .310 
.310 
.310 
.310 
.275 
.265 
.236 

.125 
.015 

EZFEBUCENT  NO.  61. 

[Final  temperature,  271*  C] 


Time. 


Dec.  30: 

9.13  a.  m. 
9.28  a.  m. 


9.43 

9.48 

S.66 

10.35 

11.00 

11.55 

1.00 

2.00 

3.00 

3.30 

3.56 

4.20 

4.47 


a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
p.m. 
p.m. 
p.m. 
p.m. 
p.m. 
p.  m. 
p.m. 


1917. 
Jan.  1: 

8.05  a.m. 
8.12  a.  m. 


Load 
(pounds). 


84 
758 

758 
768 
758 
758 
758 
758 
758 
758 
758 
758 
758 
758 
758 


758 
84 


Load 
(pounds 

per 
square 
inch). 


6,250 
47,500 

47,500 
47,500 
47,500 
47,500 
47,500 
47,500 
47,500 
47,500 
47,500 
47,500 
47,500 
47,500 
47,600 


47,500 
5,250 


Length 

wire 

between 

marks. 


Cm. 
67.625 
67.735 

67.830 
67.870 
67.915 
67.915 
67.915 
67.915 
67.915 
67.915 
67.915 
67.915 
67.915 
67.865 
67.830 


67.745 
67.640 


Change 
in  length. 

Total 
exten- 
sion. 

Cm. 

Cm. 

+0. 110 

0.110 

+  .095 

.205 

+  .040 

.245 

+  .045 

.290 

0.000 

.290 

0.000 

.290 

0.000 

.290 

0.000 

290 

0.000 

.290 

0.000 

.290 

0.000 

.290 

0.000 

.290 

-  .050 

.240 

-  .035 

.205 

-  .085 

.120 

-  .105 

.015 

Tem- 
pera- 
ture 
of 
room. 


C. 


20 
20 

20 
20 
20 
20 
21 
22 
22 
22 
22 
22 
22 
22 
22 


24 
24 


Temperature  of 
furnace. 


Room  temperature. 
Room  temperature; 

current  on. 
161*  C. 

C. 

C. 

C. 

C. 

C. 

C. 

C. 

C. 

C. 

C;  current  off. 

C. 

C. 


210* 
271* 
271* 
271* 
271* 
271* 
271* 
271* 
271* 
271* 
210* 
161* 


Room  temperature. 
Do. 
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BXFEBUCENT  NO.  fiS. 

(Flntl  t«mpenttan,  373*  C.] 


Turn- 

i.   ^ 

V 

'"sr" 

p 

Boom  temperaHiro; 

Hbb 

24 

322' C 

IS 

nn 

Room  temperature. 

24 

BZFEBIUENT  NO.  S4. 

[Final  tampcretiue,  271°  C] 


lime. 

I.ood 

(pounds) 

(pounds 
per 

wire 
between 

ass. 

Total 

'ilcm.' 

Tern- 
of 

Dec.ast 

Cm. 

Cm 

Cm. 

'C. 

5,250 

B7.fl30 

«!28s!  m!! 

TS8 

47;  500 

87 

746 

"'+6 

116 

"'o:m' 

23 

current  on. 

».J7a.  m.. 

7ss 

fl; 

+ 

.170 

22 

lOfl-C. 

T58 

ub;c 

47;  500 

si 

870 

+ 

OJO 

e] 

800 

+ 

270 

21 

S.iiB,'.m'.'. 

758 

47;  500 

+ 

22 

271- C 

768 

27i;c 

47;  500 

87 

045 

000 

*7.m 

0; 

0 

315 

22 

7i8 

+ 

22 

271- C 

758 

47^500 

27i;c 

47:600 

W 

■      2.iOff.m'.: 

e; 

315 

20 

3.35  p.m.. 

22 

271- C 

738 

47:500 

27i;c 

;currsntoir. 

47  500 

«] 

BIS 

47500 

030 

255 

4:68 pi  m!: 

47;600 

885 

24 

U9"C 

Deo.  27; 

758 

47,600 

07 

775 

s:2iB;m:: 

5,250 

67  676 

-    100 

045 

24 

Do. 

HOT  CHISELS. 


OBJECT. 


The  object  of  this  investigation  was  to  determine  the  relative 
merits  of  hand  and  machine  made  chisels.  Four  chisels  were  to 
be  tested  out  in  service  in  the  smith  shop  for  30  days,  after  which 
drillings  were  to  be  taken  and  chemical  analyses  made. 

The  first  test  was  very  inconclusive  as  the  original  marks  on 
the  chisels  were  not  removed  and  the  personal  element  was  very 
evident  in  the  smith  shop  report. 

In  consequence  of  the  above,  four  more  chisels  were  ordered  to 
be  put  through  a  similar  test  after  first  being  submitted  to  the 
laboratory  for  examination. 

CONCLUSIONS. 

The  behavior  of  the  four  chisels  tested  was  as  follows: 
The  blacksmiths  were  imable  to  detect  any  difference  between 
the  chisels,  and  found  them  all  satisfactory  wnen  properly  dressed 
and  tempered,  so  that  there  is  no  reason  for  not  purchasing  machine- 
made  chisels  in  the  future,  provided  that  the  steel  used  in  their 
manufacture  is  of  the  proper  chemical  composition. 

The  chisels  all  showed  better  heat  treatment  as  received  than 
after  redressing  and  use  in  the  smith  shop. 

EXPERIMENTAL. 

The  four  chisels  submitted  to  the  laboratory  were  marked  ab 
follows,  the  maker's  name  being  removed: 


W.  A.  No. 

Hand  or  machine 
made. 

1 

Hand-made. 
Machine-made. 
Hand-made. 
Machine-made. 

2 

3 

4 

The  chisels  were  poUshed  for  about  2  inches  back  from  the  cutting 
eage.  Photograph  No.  3589,  taken  from  the  chisels  as  received^ 
shows  the  hardened  zone  of  each  chisel  near  the  cutting  edge.  The 
structures  were  all  excellent,  the  body  of  chisel  4  being  sUghtly 
coarser  than  any  of  the  other  chisels. 

Photograph  No.  3590  shows  the  appearance  of  chisels  Nos.  1,  3, 
and  4  after  their  return  from  the  smith  shop.  Chisel  No.  2  was 
not  photographed  at  this  time,  but  subsequent  examination  showed 
it  to  be  very  similar  in  structure  to  No.  1.  This  set  of  chisels  was 
returned  in  much  better  condition  structurally  than  the  previous 
set  tested.  The  appearance  of  the  chisels  after  test  only  emphasizes 
the  necessity  of  maldng  chisel  treatment  a  tool-room  proposition. 
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The  chemical  analysis  of  the  four  chisels  was  as  follows; 


Marks. 


No.1 

No.2 

No.3 , 

No.4 


c. 

Mn. 

St 

S. 

P. 

0.76 

0.12 

0.160 

0.020 

0.009 

.70 

.37 

.090 

.036 

.025 

.81 

.18 

.324 

.045 

.023 

.66 

.39 

.069 

.028 

.027 

All  are  of  excellent  composition  in  respect  to  the  elements  other  than 
carbon.  Chisels  No.  2  and  No.  4  are  probably  lower  in  carbon  than 
would  be  recommended  for  hot  chisels,  although  the  sUghtly  higher 
manganese  would  in  some  degree  offset  their  lack  of  ''hardening 
power"  due  to  their  lower  carbon. 

BEPOBT  ON  THE  BELATIVE  MEBITS  OF  HAND-MADE  AND  MACHINE:. 
MADE  CHISELS  BASED  ON  BEHAVIOB  IN  USE  IN  SMITH  SHOP  OF 
SAMPLES  PUBCHASED  FBOM  PBIVATE  MANTTFACTUBEBS. 


W.  A.  No. 

Hand  or  machine 
made. 

Remarks. 

1 

Hari^-Tnade . 

Was  used  on  re^ar  work  and  found  satisfactory;  was 
redressed  by  Diacksmith,  and  when  again  iLsed  a 
chip  flew  from  head  of  chisel^  showing  faulty  heat 
treatment  given  by  blacksmith. 

This  chisel  was  too  large  for  ordinary  work  and  was 
consequently  slighted  by  the  blacksmith  and  little 
used.  A  special  test  was  made  on  hard  steel  scrap, 
the  chisel  giving  satisfactory  service. 

This  chisel  was  used  on  reeular  work,  and  was  re- 
dressed repeatedly,  until  the  chisel  was  practically 
used  up;  behavior  satisfactory. 

This  chisel  was  also  nearly  used  up  on  regular  work 
and  fotmd  satisfactory. 

2 

Machine-made 

Hand-made - 

3 

4 

Machine-made 

CONCLUSION. 

That  this  test  was  a  fair  one  because  the  blacksmith  iisin^  these 
chisels  did  not  know  which  were  machine-made  and  which  were 
hand-made,  nor  that  any  of  them  were  machine-madq.  The  black- 
smiths were  unable  to  detect  any  difference  between  the  chisels, 
and  found  them  all  satisfactory  when  properly  dressed  and  tempered, 
so  that  there  is  no  reason  for  not  purchasing  machine-made  chisels 
in  the  future,  provided  that  the  ste6l  used  in  their  manufacture 'is 
of  the  proper  cnemical  composition. 


irOTES  Oir  THE  TEIAlTGnLATED  STEUCTUEE  DEVELOPED  IIT 

CEETAIir  iriCKEL  STEELS. 

In  the  "Tests  of  Metals,  1916/'  the  report  dealing  with  14-inch 
gun  bushing,  model  1910,  No.  9,  described  a  triangular  structure 
which  occurred  in  the  threads  of  the  bushing,  and  other  portions 
adjacent  to  the  outer  and  inner  circumference.  The  conclusion 
given  in  this  report  was  as  follows: 

''The  structure  developed  in  the  bushing  imder  examination  was 
in  all  probability  developed  by  overheating  previous  to  the  quenching 
in  oil." 

Further  remarks  concerning  this  structure  were  made  on  page  48 
of  this  report  as  follows: 

Par.  2.  "The  cracks  occmred  in  the  triangular  structure.'' 

Par.  3.  "Cracks  occurred  in  sections  of  the  bushing  after  they  had 
been  removed  from  same,  showing  beyond  doubt  tne  existence  of 
internal  strains. " 

Par.  4.  "The  defective  structure  existing  in  the  bushing  was 
decidedly  more  prevalent  in  the  portions  nearer  the  outer  and  inner 
circumferences  oi  the  forgings. " 

Par.  5.  "Analysis  showed  that  the  portions  of  the  bushing  in 
which  the  light  triangular  structure  predonuctated  were  lower  in  both 
carbon  and  chromium  than  the  portions  in  which  the  polyhedral 
structure  prevailed. " 

Par.  8.  "The  ultimate  conclusion  is  that  the  forging  from  which 
this  bushing  was  made  was  slightly  decarburized  to  some  depth  by 
the  forging,  annealing,  and  quenching  heats.  The  heating  for 
quenching  was  carried  on  at  too  elevated  a  temperature,  and  upon 
quenching  the  defective  structure  was  produced  in  the  portions  of 
the  bushing  in  which  the  carbon  had  been  reduced  by  decarburiza- 
tion,  or  possibly  by  diffusion." 

Micrographs  3139  and  3169,  on  the  opposite  page,  show  the  typical 
appearance  of  the  triangular  structure  discussed  above. 

In  the  report  above  referred  to,  several  tentative  conclusions  were 
drawn  up,  which  will  be  repeated  in  part: 

No.  1.  "For  any  given  composition  of  a  pearlitic  steel  there  exists 
certain  temperature  ranges,  'time  of  soaking'  in  these  ranges,  com- 
bined with  certain  rates  of  cooling  down  to  and  through  the  critical 
range,  which  are  the  most  productive  of  the  separation  of  the  excess 
constituent  to  the  cleavage  planes  of  the  original  austenite  crystals." 

No.  2.  "For  any  given  rate  of  cooling  from  a  given  temperature 
there  exists  a  certain  critical  composition  of  a  steel  which  is  more 
susceptible  to  the  rejection  of  the  excess  constituent  to  the  cleavage 
planes  on  cooling. " 

No.  3.  "As  special  alloying  elements  change  the  solubility  of 
carbon  in  austenite,  it  is  to  be  expected  that  an  element  such  as 
nickel  will  alter  the  critical  composition  of  carbon  necessary  to 
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Sroduce  the  triangular  arrangement  of  the  constituents,  other  con- 
itions  remaining  constant." 

No.  7.  "If  a  nickel  steel  containing  3.50  per  cent  nickel  and  .35 
carbon  is  cooled  under  the  same  conditions  ferrite  will  not  begin  to 
separate  until  a  lower  temperature  is  reached,  as  the  critical  points 
are  lowered  by  the  presence  of  nickel." 

To  give  some  adaitional  data  on  the  formation  of  the  triangular 
arrangement  discussed  above,  a  series  of  experiments  was  carried 
out  on  a  steel  of  the  following  composition: 

Per  cent. 

0 0.34 

Mn .56 

Si .150 

S 031 

P .034 

Ni 3.46 

Or 18      5 

The  steel  used  was  in  the  form  of  1  inch  round  bar  stock.  A  nt^  - 
ber  of  specimens  were  cut  from  the  bar  and  a  one-sixteenth-inch  Ifcle 
was  drilled  to  a  depth  of  one-half  inch  in  each  specimen  for  -me 
insertion  of  a  thermocouple.  The  specimen  was  heated  to  ^e 
desired  temperature,  held  at  this  temperature  for  the  chosen  permd 
of  time,  and  then  cooled  either  in  the  air  or  in  the  furnace,  a  cooling 
curve  being  obtained  for  each  specimen.  The  apparatus  to  obtain 
the  cooling  curves  consisted  of  a  millivoltmeter  and  platinum-plati- 
num rhodium  couple  for  temperature  measurements.  The  time 
taken  for  the  specimen  to  cool  10°  was  noted,  and  the  curves  plotted 
from  the  data  thus  obtained.  It  is  understood  that  the  accuracy  of 
this  system  was  not  great,  but  it  is  thought  the  errors  will  all  fall 
within  ±  10°  C. 

CONCLUSIONS. 

The  triangular  arrangement  of  ferrite  and  the  constituent  con- 
taining carbon  was  developed  by  heating  to  a  high  temperature, 
followed  by  air  cooling.  Holding  the  piece  at  the  maximum  tem- 
perature assisted  materially  in  developmg  the  triangular  structure. 

In  no  case,  regardless  of  time  of  soaking,  was  the  structure  devel- 
oped when  the  temperature  did  not  exceed  800°  C.  As  quenching  a 
large  piece  in  oil  will  at  least  approximate  the  same  cooling  con- 
ditions as  were  obtained  by  cooling  a  small  specimen  in  air,  it  seems 
established  that  the  tentative  conclusions  advanced  in  the  report  of 
''Tests  of  Metals"  for  1916  are  sxipported,  namely,  the  heating  for 
quenching  was  carried  on  at  too  elevated  a  temperature. 

TREATMENTS   USED. 

1.  Heated  to  800°  C,  followed  by  (1)  furnace  cooUng;  (2)  air 
cooUng. 

2.  Heated  to  900°  C,  followed  by  (1)  furnace  cooling;  (2)  air 
cooUng. 

3.  Heated  to  1,000°  C,  followed  by  (1)  furnace  cooling;  (2)  air 
cooUng. 

4.  Heated  to  1,100°  C,  followed  by  (1)  furnace  cooling;  (2)  air 
cooling. 
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5.  Heated  to  800®  C,  held  at  this  temperature  1  hour,  followed 
by  (1)  furnace  cooling;  (2)  air  cooling. 

6.  Heated  to  900°  C.,  held  at  tms  temperature  1  hour,  followed 
by  (1)  fiUTiace  cooling;  (2)  air  cooling. 

7.  Heated  to  1,000^0.,  held  at  this  temperature  1  hour,  followed 
by  (1)  fumac0  cooling;  (2)  air  cooling. 

8.  Heated  to  1,100°  C,  held  at  this  temperature  1  hour,  followed 
by  (1)  furnace  cooUng;  (2)  air  cooUng. 

9.  Heated  to  800°  C.,  held  at  this  temperature  6  hours,  followed 
by(l)  furnace  cooling;  (2)  air  cooling. 

10.  Heated  to  900°  C,  held  at  this  temperature  6  hours,  followed 
by  (1)  furnace  cooling;  (2)  air  cooling 

11.  Heated  to  1,000°  C,  held  at  this  temperature  6  hours,  followed 
by  (1)  furnace  cooling;  (2)  air  cooling. 

12.  Heated  to  1,100°  C,  held  at  this  temperature  6  hours,  followed 
by  (1)  furnace  cooling;  (2)  air  cooling. 

The  cooling  curves  and  micrographs  at  60  and  600  diameters,  re- 
spectively, are  recorded  herein.  To  assist  in  the  presentation  of 
the  data,  the  structures  developed  by  heating  to  800°,  900°,  1,000° 
and  1,1D0°  C,  followed  by  furnace  cooling,  are  recorded  on  plates 
facing  page  220 ;  the  structures  developed  by  heating  to  800°,  900°, 
1,000°  and  1,100°  C,  followed  by  air  cooling,  on  plates  facing  page 
221,  or,  in  other  words,  the  maximum  temperature  is  made  the 
variable  in  each  series. 

DISCUSSION   OF  RESULTS — ^MICEOGEAPHS. 

Distinct  triangulation  has  occurred  in  the  following  specimens: 

Plate. 

X=l,100°  C,  6  hours,  air.. 225-4 

W=1,000°  C,  6  hours,  air 225-3 

V=    900°  C,  6  hours,  air 225-2 

P=l,100°C.,lhour,   air 223-4 

0=1,000°  C,  1  hour,   air 223-3 

N=    900°C.,lhour,   air.. 223-2 

H=l,100°  C,  0  hour,   air 223-4 

G=1,000°  C,  0  hour,   air.. 221-3 

No  appreciable  triangulation  occurred  under  any  conditions  of 
soaking  when  the  maximum  temperature  of  heating  did  not  exceed 
800°  C.  Although  no  triangulation  occurred  at  900°  C,  when  jbhe 
time  of  soaking  was  nil,  soaking  1  hour  did  produce  the  triangulated 
structure. 

The  triangulation  is  very  sharp  and  distinct  in  specimens 

Plate. 

X=l,100°  C,  6  hours,  air 225-4 

W=1,000°  0.,  6  hours,  air 225-3 

V=    900°G.,  6hours,  air 225-2 

P=l,100°  C,  ]  hour,   air 223-4 

0=1 ,000°  C.,1  hour,   air 223-3 

H=1,100°C.,  Ohour,   air 221-4 

whereas  in  specimens 

N=    900°  C,  1  hour,  air 223-2 

G=1,000°G.,0  hour,  air 221-3 
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it  is  not  so  well  defined.  In  other  words,  as  the  time  of  soaking  at 
the  maximum  temperature  increases,  the  maximum  temperature 
required  to  give  the  triangulated  structure  becomes  less. 

Certain  of  the  furnace-cooled  specimens  show  a  decided  tendency 
toward  triangulation.  The  excess  ferrite  which  would  normally  be 
rejected  to  the  boundary  lines  of  the  grains  is  less  in  amount  than 
would  be  expected  from  a  steel  of  this  carbon  content.  The  speci- 
mens enumerated  below  show  this  tendency. 

Plate. 

T=l,100°  C,  6  hours,  furnace 224.4 

8=1,000° C,  6  hours,  furnace 224-3 

•    R=    900°  C,  6  hours,  furnace 224-2 

L=l,100°  C,  1  hour,   furnace 222-4 

K=1,000°  C,  1  hour,   furnace 222-3 

J=    900°  C,  1  hour,  furnace* 222-2 

D=1,100°C.,  Ohour,  furnace 220-4 

C=1,000°  C,  0  hour,   furnace 220-3 

As  the  treatment  of  this  group  of  specimens  differs  only  in  rate 
of  cooUng  from  the  air-cooled  list  previously  given,  in  which  all 
showed  decided  triangjulation,  it  would  seem  entirely  plausible  to 
state  that  the  increase  in  rate  of  cooling  (air  versus  furnace)  has  only 
exaggerated  a  tendency  previously  existing.  Stated  in  another 
manner,  heating  to'  a  high  maximum  temperature,  or  soaking  at  a 
relatively  high  temperature,  is  essential  to  produce  triangulation  of 
the  constitutents. 

It  is  also  to  be  noted  that  the  dark  constituent  occurring  in  con- 
junction with  the  triangulated  structure  in  the  air-cooled  specimens 
increases  in  amount  the  lower  the  maximum  temperature  of  heating, 
and  also  the  less  the  time  of  soaking  at  a  giveri  temperature. 

A  relative  classification  of  grain  size  has  also  been  made  of  the 
furnace-cooled  samples,  as  follows: 

Plate. 

Fine  grained  (maximum  size  established  by  specimen  B) 220-2 

Course  grained  (minimum  size  established  by  specimen  S) 224-3 

Medium  grainea  (between  limits  of  fine  and  course) 222-2 

Fine  grained: 

A=    800°  O.,0hour,   furnace 220-1 

B=    900°  C.,Ohour,   furnace 220-2 

1=    800°C.,lhour,   furnace 222-1 

Medium  grained: 

C  =1,000°  C.,Ohour,  furnace 220-3 

K=l,000°C.,lhour,  furnace........ 222-3 

J=    900°  C,  1  hour,   furnace 222-2 

Q=    800°  C,  6  hours,  furnace 224-1 

R=    900°  C,  6  hours,  furnace 224-2 

Course  grained: 

D=l,100°  C,  0  hour,   furnace 220-4 

L=l,100°C.,lhour,   furnace 222-4 

S=1,000°  C. ,  6  hours,  furnace 224-3 

T=l,100°  C,  6  hours,  furnace ... . : 224-4 

From  an  inspection  of  this  rough  classification,  it  is  evident  that 
time  of  soaking  and  maximum  temperature  both  influence  the  grain 
size. 


1  Shows  slight  tendency  toward  triangulation. 
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The  foUowiiig  specimens  have  approximately  the  same  grain 
size: 

F]ate. 

D=l,100°  C,  Ohours,  furnace 220-4 

L=l,100**  C,  Ihour,  furnace 222-4 

S=1,000°C.,  6  hours,  furnace 224-3 

T=l,100°  C,  ehours,  furnace 224-4 

This  is  of  interest  since  it  is  in  direct  contradiction  to  statepaents 
made  by  some  authorities.  The  fact  seems  evident  that  soaking  at 
1,100°  C.  has  not  produced  any  enlargement  of  the  grain  over  that 
caused  by  heating  to  this  temperature. 

Soaking  at  lower  temperatures  does  show  enlargenient  of  grain 
size,  but  once  the  maximum  size  is  reached,  further  soaking  at  the 
temperature  which  gives  the  maximum  size  is  apparently  without 
effect. 

A  brief  discussion  of  the  cooling  curves  wiU  be  of  interest.  Exam- 
ining first  the  furnace-cooled  series  in  which  the  time  of  soaking  was 
zero  (p.  220)  two  critica,l  points  are  apparent,  the  upper  or  Ar  3-2 
point,  which  locates  the  beginning  of  the  separation  of  free  ferrite,  and 
the  lower  or  Ar-l  point,  which  locates  the  formation  of  pearUte  or 
sorbite  from  the  remaining  austenite. 

As  these  cooling  curves   are  plotted    between    ^^  temperature 

and  ^  the  area  included  in  the  peak  of  the  curve  will  be  propor- 
tional to  the  energy  Uberated  at  that  point. 

Bearing  this  in  mind,  an  inspection  of  this  series  of  curves  will  show 
(1)  that  the  reaction  taking  place  at  Ar  3-2  increases  in  amount  as 
the  maximum  temperature  of  heating  is  decreased,  (2)  the  reaction 
taking  place  at  Ar-1  decreases  as  the  maximum  temperature  of 
heating  decreases. 

We  should,  therefore,  find  more  excess  ferrite  in  the  specimen 
heated  to  800°  C.  and  slowly  cooled,  than  in  the  specimen  heated  to 
1,100°  and  furnace  cooled.  An  inspection  of  the  micrographs  of 
specimens  D  and  A  (p.  220)  will  verify  this  conclusion. 

An  inspection  of  the  curves  on  page  222  (samples  soaked  one 
hour)  ana  also  the  curves  on  page  224,  (samples  soaked  six  hours) 
will  verify  the  conclusions  previously  advanced,  namely,  the  higher 
the  maximum  temperature  of  heating  the  smaller  is  Q  3-2,  the 
quantity  of  heat  Uberated  at  the  Ar  3-2  point,  and  the  larger  Q  1, 
the  quantity  of  heat  liberated  at  the  A,  1  point.  The  amoimt  of 
rejected  ferrite  is  proportional  to  Q  3-2  and  the  amount  of  pearhte 
or  sorbite  proportional  to  Q  1. 

Examimng  next  the  air-cooled  specimens  in  which  the  time  of 
soaking  was  zero  (p.  221)  it  is  fotmd  (1)  that  in  general  two  critical 
points  exist ;  (2)  these  points  are  approximately  100°  lower  in  the  air- 
cooled  specimens  than  in  the  furnace-cooled  ones. 

The.  time  temperature  curve  on  page  219  shows  the  relative  rate 
obtained  by  the  two  methods  employed.  It  required  approximately 
twelve  times  as  long  for  the  furnace-cooled  specimen  to  reach  600°  C. 
as  was  required  for  the  air-cooled  specimen. 

A  further  inspection  of  the  curves  on  page  221  will  show  that 
the  Ar  3-2  point  increases  in  volume  as  the  maximum  temperature 
of  heating  is  decreased.  Also  the  Ar  1  point  diminishes  in  volume 
as  the  maximum  temperature  of  heating  is  decreased.     Curve  E 
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does  not  show  any  lower  point.  As  this  did  not  occur  in  other 
specimens  heated  to  800^,  no  attention  was  given  this  irr^ularity. 
Examination  of  the  curves  on  pages  223  and  225  also  shows 
the  increase  in  volume  of  Q  3-2  at  A,  3-2  and  the  decrease  in  volume 
of  Q  1  at  Af-l  as  the  maximum  temperature  of  heating  is  reduced. 

The  temperature  where    j^  is  a  maximum,  or  in  other  words, 

the  peak  of  the  critical  point  for  all  the  maximum  temperatures 
and  rates  of  cooling,  is  recorded  in  the  following  table: 

HELD  0  HOUR  AT  MAXIMUM  TEMPERATURE. 


« 

Rate  of  cooling 

MAximnm  tempentore  of  beating. 

• 

1,100 

1,000 

900 

800 

Fnmaoe , 

/        615 
1         500 
/     .    535 
t         510 

020 
590 
545 
500 

020 
580 
5B0 
500 

630 
500 
555 

Not  praoont. 

Ar3-2 
Arl 
Ar3-2 
Arl 

Air 

HELD  1  HOUR  AT  MAXIMUM  TEMPERATURE. 


Rateof  oooUng 

Maximnm  temperature  of  beating. 

1,100 

• 

1,000 

900 

800 

T'iimftTO X  U...X.X. 

/         620 
1         590 
/         540 
\         500 

620 
600 
545 
510 

645 
600 
550 
510 

625 
590 
560 
500 

Ar3-2 
Arl 
Ar3-2 
Arl 

Air 

HELD  6  HOURS  AT  MAXIMUM  TEMPERATURE. 


Rate  of  ooolinc 

Maximnm  temperature  of  beating. 

• 
• 

1,100 

1,000 

900 

800 

Furnace 

/        620 
\         500 
/         545 
t         500 

620 
590 
550 
510 

Curves 
faibire. 
550 
510 

620 
590 
Curves 
bUure. 

Ar3-2 
Arl 
Ar3-2 
Arl 

Air 

/ 

An  inspection  of  these  results  show — 

(1)  That  Ar  3-2  occurs  at  a  more  elevated  temperature  the  lower 
the  maximum  temperature  of  heating.  This  is  true  both  of  furnace 
and  air-cooled  specimens  in  the  series  which  was  not  held  at  the 
maximum  temperature. 

(2)  This  phenomenon  is  not  so  noticeable  in  the  series  held  at  the 
maximum  temperature  of  heating  for  six  hours,  although  it  is  very 
distinct  in  the  air-cooled  series  soaked  one  hour  at  the  maximum 
temperature. 

(3)  In  any  series  the  lower  or  A,  1  point  is  not  influenced  as  to 
location  by  the  maximum  temperature  of  heating. 
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/R^T^-  OA=   Cooling  - 


SPA  a  MEN 


f/pyjfi 


SoAML'^tG. 


2MS3^ 


BOO'  C.     Furraci 


n  B.    900*  C.     Furnace  cooled.    500  X 


Speciman  C.     1.000'  C.     Furnace  cooled.     50  X 


Specimen  C.     1,000'  C. 


n   E.     800°  C.     Air  cooled.     500  X 


Soselmen   F.     900°  C.     Air  cooled,     500  X 


1,000*  C.     Air  cooled.     500  X 
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All  specimens  shown  on  this  page  were  heated  to,  but  not  held  at, 
the  final  temperature  shown  under  each  micrograph,  then  furnace 
'tooled. 
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All  specimens  shown  on  this  page  were  heated  to  but  not  held  at 
the  final  temperature  shown  under  each  micrograph;  air  cooled. 


Furnaca  cooled.    50  X 
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All  specimens  shown  on  this  page  were  heated  to  but  not  held  at 
the  final  temperature  shown  imder  each  micrograph;  air  cooled. 


Specimen   L.     1,100"  C,   1   hour. 


specimen  M.    800'  C. 
31082— IS C4 


ur.    Air  coDlsd.    50  X 


Air  caoled,    500  X 


n  O.     1,000*  C,  1    hour.     Air  eoolsd.     500  X 


Ir  cooled.    500  X. 


Soedmen   P.     1,100° 


B£S£  AHG  u  • 
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All  specimens  shown  on  this  page  were  held  one  hour  at  the  final 
temperature  shown  under  each  micrograph,  and  then  furnace  cooled. 
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All  specimens  shown  on  this  page  were  held  one  hour  at  the  final 
temperature  shown  under  each  micrograph,  and  then  air  cooled. 


Caoi.iM's  CaA^i/k 


Ta'MB.  Qi^QaAifiH£U'  6//j?s^ 


A^r^oA'  CiML 


9HQ  »  i^ii^HACim. 


Spsclmsn  Q.     SOO"  C,  6  tiours.     Furnace  cooled.     50  X 


Specimen  Q.     800'  C.  6  hour. 


Specimen   R.     900'  C. 


.,  6  hours.     Furna 


urnace  cootsd.     50  X 


»  cooled.     500  X, 


ir  coolsd.     500  X 


specimen  V.     900'  C,  6  hours.     Air  cooled.     SO  X 


V.     900'  C  G  riours.     Mr  cooled.     SOO  X. 


Alrcootad.    500  X. 
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All  specimens  shown  on  this  page  were  held  six  hours  at  the  final 
temperature  shown  under  each  micrograph,  and  then  furnace  cooled. 
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SXTPPIEHEXTTAET   XTOTES   OXT   THE   TEIAXTGITLATED    STEXTC- 

TXTEE  IXr  CEETAIXr  XTICKEL  STEEL. 

OBJECT. 

The  object  of  this  investigation  was  to  determine  the  physical 
properties  associated  with  the  triangulation  of  constituents  Drought 
about  by  certain  treatments,  the  nature  of  which  have  been  previ- 
ously ascertained.  It  is  of  interest  to  note  that  the  trian^lar 
structure  referred  to  above  is  very  frequently  encountered  in  nickel 
steels,  and  experimental  data  thus  far  obtained  indicates  that  its 
development  is  intimately  associated  with  too  high  a  hardening 
temperature. 

CONCLUSIONS. 

The  effect  of  the  trian^lation  of  constituents  is  to  give  rise  to  an 
abnormally  low  proportional,  or  elastic  limit,  whereas  the  yield 
point  may  be  relatively  high.  It  was  observed,  for  example,  that 
furnace  cooling  from  a  given  temperature  gave  a  better  value  for 
the  elastic  limit  and  Charpy  strength  than  air  cooling  from  the 
same  temperature.  In  other  words,  for  a  composition  such  as 
used  in  these  experiments,  namely,  0.34  per  cent  carbon,  3.50  per 
cent  nickel,  slow  cooling  gave  better  physical  qualities  than  a  more 
rapid  rate.  This  seems  in  direct  contradiction  to  all  present  gen- 
eralizations, but  it  is  to  be  borne  in  mind  that  the  more  rapid  rate 
of  cooling  from  above  the  critical  point  gave  rise  to  a  structure 
which  might  be  styled  "microscopic  ingotism,"  and  which  is  not 
removed  by  tempering. 

Great  care  should  be  exercised  in  the  treatment  of  all  steels  which 
readily  yield  the  triangulated  structure  (distinct  from  martensite). 
The  hardening  temperature  should  be  kept  as  low  as  possible,  and 
the  rate  of  cooling  either  slower  or  faster  than  the  critical  rate  which 
gives  triangulation.  Fdr  a  large  forging  this  might  mean  quenching  ia 
water  instead  of  in  oil,  if  oil  quenching  gave  the  critical  rate  of  coohng 

EXPERIMENTAL. 

The  analysis  of  the  stock  used  was  as  follows: 

Per  cent. 

C a  34 

Mn 56 

Si 15 

S 031 

P 034 

Ni 3.46 

Cr 18 

The  steel  used  was  in  the  form  of  1  inch  round  bar  stock,  and 
the  specimens  treated  were  8  inches  in  length.  All  heating  was 
done  in  an  electric  muffle  furnace,  and  the  temperatures  measured 
with  a  platinum  couple  and  a  potentiometer. 
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After  treatment,  one  tensile  and  two  Charpy  bars  were  taken  from 
each  piece.  The  end  of  the  tensile  specimen  was  reserved  for  micro- 
scopic examination. 

The  following  table  gives  the  results  of  the  physical  tests.  The 
stress-strain  diagrams  follow  the  table. 


Treatment. 


1, 100, 0  hour,  furnace . 
1,000,0  hour,  air 

1. 100. 0  hour,  air 

1.100. 1  hour,  furnace., 
800, 1  hour,  fUmace. 
900>  1  hour,  air 

1,000, 1  hour,  air 

1, 100, 1  hour,  air 

900, 6  hours,  furnace 
1, 100, 6  hours,  furnace 

900, 6  hours,  air 

1,000, 6  hours,  air 


ElasUc 

limits 
propor- 
tionality 

Tensile 

BrineU 

a^y 

strength 

Elon- 

Con- 

hard- 

(foot- 

limit 

(pounds 

gation 

traction 

ness 

pounds 

(pounds 

per 

(per 

(per 

(num- 

per 

per 

square 

cent). 

cent). 

ber). 

square 

square 

inch). 

inch). 

inch). 

50,000 

94,000 

25.0 

51.9 

179 

247 

25,000 

101,500 

21.5 

51.9 

197 

213 

20,000 

100,500 

22.0 

51.9 

197 

223 

40,000 

95.500 

24.5 

51.9 

183 

232 

4Qk000 

98,500 

24.5 

57.2 

187 

325 

35,000 

102,000 

22.5 

54.6 

•  192 

278 

37,000 

101,000 

21.5 

51.9 

197 

218 

30,000 

98,500 

20.5 

49.1 

197 

198 

50,000 

94,000 

24.5 

51.9 

175 

270 

51,000 

96,000 

23.5 

51.9 

187 

217 

35,000 

100,000 

21.5 

51.9 

192 

196 

30,000 

98,500 

20.0 

49.1 

197 

207 
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Haat  trsatment  — 


ICROGRAPH    NO.  3M7.     500  X, 

T  on  same  field  as  Micrograph  No.  3S96. 
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PHYSICAL  TEST. 


Marks. 

Elastic 
limit. 

Tensile 
strength. 

Elonga- 
tion. 

Contrac- 
tion. 

Brinell. 

Charpy. 

lOD 

50,000 

94,000 

Per  cent. 
25.0 

Per  cent, 
51.9 

179 

247 
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PHYSICAL  TBST. 


Marks. 

ElAStic 
limit. 

Tensile 
strength. 

Elonga- 
tion. 

Contrac- 
tion. 

Brinell. 

Charpy. 

lOG 

25,000 

101,500 

Ftr  cent. 
21.5 

Per  cent. 
51.9 

197 

218 

MICROGRAPH    NO.  3594.     50  X 


ICROGRAPH    NO.  3&95.     500  X. 

ar  on  same  field  as  MIcrogrsph  No.  3S94, 


MICROGRAPH    NO.  3»e.     SOX. 
It  tieatmant— I.IOO'  C  0  houra,  air.     DBcldad  trlangulatlon. 


MICROGRAPH    NO.  3599.     500  X 
High  powar  on  sams  field  aa  Mlorofrapli  N 
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PHYSICAL  TEST. 


Marks. 

Elastic 
limit. 

Tensile 
strength. 

Elonga- 
tion. 

Contrac- 
tion. 

Brinell. 

Charpy. 

lOH 

20,000 

100,500 

Fet  cent. 
22.0 

Per  cent. 
61.9 

197 

223 

NOTES   ON   SPECIMENS  HELD   0   TIME   AT   MAXIMUM  TEMPEBATTJBES. 

The  specimens  in  which  the  triangular  structure  appears  have  a 
very  low  elastic  limit.  The  Charpy  strength  is  also  inferior  to  that 
of  the  furnace-cooled  sample. 

Sample  10  H,  which  has  more  of  the  triangular  constituent  than 
10  G,  nas  a  lower  elastic  limit  by  5,000  pounds. 

The  Brinell  hardness  of  the  air-cooled  specimens  is  greater  than 
the  furnace-cooled  pieces. 
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PHYSICAL  TEST. 


Marks. 

Elastic 
limit. 

Tensile 
strength. 

Elonga- 
tion. 

Contrac 
tion. 

Brinell. 

Charpy. 

10  L 

40,000 

05,500 

Per  cent. 
24.5 

Per  cent, 
51.0 

183 

232 

MICROGRAPH    NO.  3609.     500  X, 
icrogriph  No.BGOS.     Structure  showa  tendency  toward  trlanaulation. 


)    NO.  3600.     50  X. 

ir,  furnace.     Fine  jorbittc  st 


MICROGRAPH    NO.  3601. 
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PHYSICAL  TEST. 


Marks. 

Elastic 
limit. 

TeosQe 
strength. 

Elonga- 
tion. 

Ckmtrao 
tion. 

BrineU. 

Charpy. 

lOM 

40,000 

i»,500 

Per  cent. 
24.6 

Per  eetU. 
57.2 

187 

325 
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PHYSICAL  TEST. 


Marks. 

Elastic 
Umit. 

TensUe 
strength. 

EIoDga^ 
tion. 

Contrao- 
tion. 

Brinell. 

Charpy. 

ION 

35,000 

102,000 

Per  cent. 
22.5 

Per  cent. 
54.6 

192 

278 

MICROGRAPH    NO.  3602.     5i 
-900*  C  1  hour,  sir.     Triangulatior 


MICROGRAPH    NO.  3G03.     SOO  X. 

HIth  powsr  an  same  field  as  Micrograph  No.  3 


MICROGRAPH    NO.  3604.     SOX 
.1,000*  C.,1  hour.air,     Trianjulallon , « 


MICROGRAPH    NO.  i605.     500  X. 
High  power  on  same  tleld  as  M  icrograph  No.  3604. 
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PSYSIOAL  TEST. 


Marks. 

Elastic 
limit. 

Tensile 
strength. 

Elonga- 
tion. 

Contrac- 
tion. 

B4neU. 

Charpy. 

lOO 

37,000 

101,000 

Pa  cent. 
21.6 

Per  eerU. 
M.9 

107 

218 

238 


FUXSICAIi  TEST. 


""S'-                        limit. 

Tfflnile 
stieugth. 

tian.             tian. 

BdDdl. 

Cbaipy. 

lOP 30,000 

90,500 

Ptread.  '   Pet  etat. 
2QL5              40.1 

187 

108 

NOTES  ON  SPECIMENS  HELD  ONE  HOUB  AT  MAXIMUM  TEMPESATUBE. 

Specimen  10  L  has  a  much  coarser  structure  than  10  M,  as  it  was 
heated  to  1,100^  whereas  10  M  was  heated  only  to  800^  The  only 
great  difference  in  physical  properties  to  be  observed  occurs  in  the 
Qiarpy  strength,  uie  fine-grained  specimen  giving  325  and  the 
coarse-grainea  one  only  232. 

Specimens  10  N,  10  O,  and  10  P,  heated  for  one  hour  at  900**, 
1,000®,  and  1,100®,  respectively,  show  an  increasing  proportion  of 
the  triangular  constituent  as  the  temperature  of  heating  is  increased. 
The  elastic  limit  does  not  decrease  regularly  but  is  5,000  pounds  less 
in  the  1,100®  specimen  than  in  the  900®  specimen.  The  Charpy 
strength  does  fall  off  consistently  as  the  proportion  of  triangular 
structure  increases,  or,  in  other  words,  as  the  maximum  temperature 
of  heating  is  raised. 


MICROGRAPH    NO.  3G0G.     50  X. 
ittreatmant  — 1,)00°  C.  1  hour,  air.     Decided  Iriangulallon. 


MICROGRAPH   NO,  3607.     500  X 
power  on  sama  field  as  Mlcroeraph  N 


lAPH   NO.  3610.     50  X 


H8sttrMtment-90 
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FSTSICAL  TEST. 


Marks. 

Elastic 
limit. 

Tensile 
strength. 

Elonga- 
tion. 

Contrac- 
tion. 

Brinell. 

Cbarpy. 

lOT 

51,000 

96,000 

Per  cent. 
23.5 

Per  cent. 
51.9 

187 

217 

MICROGRAPH   NO.  3fil4.     SOX. 
1 ,100*  C,  6  houra.  furnaca.     Stiucture  is  soi-bltlc  witn  network  of  (res  I«rr)t«. 
340-1 

31082—18 27 


MICROGRAPH   NO.  3611.     500  X. 
High  power  on  same  fisid  ■■  Mlcrograpri  No.  JeiO. 
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PSYSIOAL  TEST. 


Harks. 

Elastic 
limit. 

Tensile 
strength. 

Elonga- 
tion. 

Ckmtrao- 
tlon. 

BrineU. 

Charpy. 

10  Q 

50,000 

94,000 

Per  cent, 
24.5 

Per  cent. 
5L9 

175 

270 
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PHYSICAL  TEST. 


Marks. 

Elastic 
limit. 

Tensile 
strength. 

Elonga- 
tion. 

Contrac- 
tion. 

Brinell. 

Charpy. 

lOT 

51,000 

96,000 

Per  cent. 
23.5 

Per  cent. 
51.9 

187 

217 

MICROGRAPH   NO.  1G14.     SOX. 
HMttraatinBnt-1,100>C..G  hours,  furnace.     Structure  ia  sorblllc  with  network  of  fraafsrrlte. 
HO-I 

31082—18 27 


MICROGRAPH    NO.  3615.     500  X. 


MICROGRAPH    NO.  JG12.     SO  X. 
Host  tr»atm9nt-900''C,.  6  hours,  air.     Distinct  trlsngulBtion 


MICROGRAPH   NO.   3613.     500   X. 
>wer  on  asms  tlsld  as  Mlcrogriph  No.  3612. 
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PHYSICAL  TEST. 


Marks. 

Elastio 
Hmit. 

TensDe 
strengtli. 

Elonga- 
tion. 

Contrao- 
tlon. 

BrineU. 

Caiaipy. 

lOU 

35,000 

100,000 

Ftt  tent. 
2L6 

6L0 

192 

196 

242 
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FSYSICA2«  TEST. 


Marks. 

Elastic 
limit. 

Tmvdle 
strength. 

Elongii- 
tion. 

Contrac-      T>-s„^n 

Charpy. 

lOY 

30,000 

96,500 

Per  cent. 

2ao 

Per  cent. 
49.1 

197 

207 

NOTES    ON    SPECIMENS    HELD    6    HOUBS    AT   MAXIMUM    TEMFEBATUBE. 

Specimens  10  Q  and  10  T,  heated  to  900®  and  1,100®,  respectively, 
show  httle  difference  in  the  properties  detennined  bv  the  ordinary- 
static  test,  whereas  the  Charpy  results  show  that  the  fine-grained 
specimen  is  superior. 

Specimens  10  U  and  10  X  show  a  decrease  in  the  value  of  the  elastic 
limit  as  the  amount  of  triangulation  increases.  The  air-cooled 
specimens,  as  in  the  other  cases  examined,  had  a  value  for  the  elastic 
limit  which  was  less  than  that  found  in  a  furnace-cooled  specimen 
having  identical  treatment  in  all  other  respects. 

APPENDIX. 

It  has  been  pointed  out  previously  that  a  critical  composition 
existed  at  which  the  formation  of  the  triangular  structure  was  most 
readily  produced.  In  support  of  this  assumption  the  foUowiog  ex- 
perimental data  is  presented. 

A  crucible  melt  of  150  pounds  was  made  in  the  foundry  furnace 
and  forged  down  to  1  inch  round  stock.  The  analysis  of  this  stock 
is  given  below: 


C 

Mn. 
Si. 


Per  Cent. 
.  0.54 
.      .51 
.     .355 


S.. 
P. 

Ni. 


Per  Cent. 
.  .028 
.  .015 
.    3.75 


This  material  differs  from  that  previously  described  in  this  report 
by  having  20  points  more  carbon.  There  is  not  enough  variation 
in  the  other  elements  concerned  to  explain  the  difference  in  physical 
properties  observed. 


MICROGRAPH   NO.  3615.     50  X, 
p1,000"C.,  5  hours,  air  cooled.     Note  distinct  trianaulati on 


MICROGRAPH   NO.  3617.     500  X. 
Hlch  power  on  saitia  field  as  Mlcrasmph  No.  3616. 


lAPH     NO.    3511.     500  X. 
air  coolsd.    Sorbitic  With  s 


MICROGRAPH   NO.  3515.     500  X 


n  tracss  or  psarlite.  There  la  no  Ir 
n  other  words,  triangulation  Is  at 
l>slng  lower  In  carbon  by  20  point 


1  NO.  3582.     500  X 


MICROGRi 
I.IOO'C,  etiourl,  furt 
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The  following  table  contains  the  significant  data  obtained  on 
testing  the  specimens  after  various  treatments: 


Marks. 


18  A.  1,100*.  0  hours,  farnace 

18  H.  1,100^0  hours,  air 

181.  1,000*.  0  hours,  air 

18J.  800*.  0  houlrs,  air 

18  K.  1,100*,  1  hour,  furnace 

18  P.  1,100%  1  hour,  air 

18  B.  1.000%  1  houi;  air 

18  C.  900*,  1  hour,  air 

18  D.  800%  1  hour,  air 

18  O.  1,100%  6  hours,  furnace 

18  L.  800%  6  hours,  fiimace 

18  E.  1,100*  6  hours,  air 

18JP-  1,000%  6  hour,  air 

18G.  800% 6 hours, air 

18  N.  800*  oil,  dr.  400*,  15  minutes . . . . 
18  M;  800*  oil,  dr.  400*  for  30  minutes. 


Propor- 
ti<mal 
limit 

(pounds 

per 
square 
inch). 


58, 
67 
71 
74 
58; 
67 
69 
77, 
78, 
58 
69 
66 
70 
79 
162 
155 


,000 
,000 
,000 
,000 
,000 
,000 
,000 
,000 
,000 
,000 
,000 
,000 
,000 
,000 
,000 
,000 


Tensile 
strength 
(pounds 

per 
square 
inch). 


107,000 
124,000 
121,500 
113,500 
112,000 
127^000 
120,500 
115,000 
115,500 
113,500 
102,500 
125,500 
119,500 
111,000 
197,000 
188,500 


Elonga- 

tion 

(per 

cent). 


17.5 
16.0 
18.0 
21.5 
17.5 
16.5 
15.5 
20.0 
19.0 
17.5 
20.5 
15.0 
17.5 
20.5 
12.0 
13.0 


Con- 
traction 

(per 
cent). 


20.5 

34.0 

37.2 

43.3 

34.0 

30.7 

34.0 

40.3 

40.3 

27. 

40. 

30. 

40. 

40. 

43. 

46. 


,4 

.3 

7 

3 

.3 

.3 

2 


Charpy 
test 
(foot 

pounds 
per 

square 

inch). 


97.8 
119.0 
143. 
193. 
110. 
127. 
133. 
197. 
150.5 
109.0 
148.0 
107.0 
169.0 
187.0 
110.0- 
123.0 


0 
0 
,0 
0 
0 
0 


Brinell 
hardness 
(num- 
ber). 


197 
235 
241 
217 
212 
241 
229 
223 
223 
229 
197 
241 
229 
223 
389 
389 


Considering  first  tests  18  A,  18  H,  18  I,  and  18  J,  it  is  to  be  noted 
that  the  lower  maximum  temperature  of  heating  the  higher  the  elastic 
limit,  and,  furthermore,  air  coohng  gives  better  physical  properties 
than  furnace  cooUng.  The  elevation  of  the  elastic  limit  by  increasing 
the  rate  of  cooling  is  what  normally  would  be  expected. 

The  above  observation  can  be  repeated  on  the  specimens  held  one 
hour  at  the  maximum  temperature,  and  also  on  those  held  six  hours 
at  the  maximum  temperature.  Under  no  conditions  of  heating  or 
rate  of  cooling  was  any  tendency  observed  on  the  part  of  the  excess 
ferrite  to  separate  in  the  cleavage  planes  or,  in  other  words,  cause 
triangulation.. ; 

The  following  micrographs  are  introduced  to  show  clearly  why 
normal  behapor  was  found  in  the  composition,  whereas  in  the  0.34 
carbon  the  elStstic  limit  was  lowered  by  air  cooling. 


CHBOME   VAVADIUM   STEEL  FOB  ELEVATIHG   SGBEWS. 

OBJEOT. 

i 

The  object  of  using  chrome  yanadium  steel  for  the  manufacture 
of  elevatmg  screws  was  to  obtain  the  necessary  static  physical 
requirements  of  forged  steel  "D"  and  at  the  same  time  secure  a  high 
Charpy  test.  .  . 

The  composition  desired  is  shown  below. 

Per  cent. 

Carbon 0. 35-0. 40 

Vanadium 20-  .  25 

Chrome 1. 00 

Manganese,  not  less  than .50 

Silicon 15-  .  35 

The  actual  composition  obtained  from  heat  5,057  was  as  follows: 

Per  cent. 

Carbon 0. 41 

Vanadium 27 

Chrome 1. 10 

Manganese 52 

Silicon .180 

Sulphur 050 

Phosphorus 021 

The  following  table  shows  the  treatments  given  the  forging  made 
from  the  chrome  vanadium  ingot  and  physical  properties  resulting: 


Marks. 

Yield 

point 

(pounds 

per 
square 
inch). 

Tensile 
strength 
(pounds 

per 
square 
inch). 

Elon- 
gation 
(per 
cent). 

Con- 
traction 

(per 
cent). 

Brinell 
hard- 
ness 
(num- 
ber). 

Charpy 
test. 

Heat  treatment. 

7221  F 

7221  F2.... 
7221  F3.... 
7221  F4.... 
7221  F6.... 

101,000 
100,000 
100,000 
100,000 
92,000 

127,500 
127,000 
127,000 
124,500 
115,500 

19.0 
19.0 
18.0 
18.0 
21.0 

54.6 
49.1 
46.2 
51.9 
57.2 

262 
262 
262 
255 
255 

195 
205 
157 
155 
255 

Annealed  10  hours  at  850** 
C:  quenched  in  oil  at 
900*  C.;  drawn  4  hours  at 
500»C. 

Annealed  10  hoars  at  850* 
C;  quenched  in  oil  at 
900*  C;  drawn  4  hours  at 
515*  C. 

Annealed  10  hours  at  850* 
C;  quenched  in  oil  at 
900*  C;  drawn  4  hours  at 
535*  C. 

Annealed  10  hours  at  850* 
C;  quenched  in  oil  at 
900*  C;  drawn  3  hours  at 
560*  C. 

Annealed  10  hours  at  850* 
C;  quenched  in  water  at 
800*  C;  drawn  4  hours  at 
580*  C. 

CONCLUSIONS. 


The  results  obtained  do  not  indicate  anv  improvement  over  the 
steel  usually  employed  for  this  purpose.  They  are  of  such  a  nature 
as  to  warrant  an  additional  trial  at  some  future  date  on  a  chrome 
vanadium  heat  with  a  lower  carbon  content. 
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a  layei.     Etchsd  2)  mlnules.    Showing  martsnsit*  ■laoclatad  w 


3106S— 18.   (To  face  page  245.) 
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EXAMIlfATIOlf    OF   BllfOS    FBOM   BOSE    OF    10-IlfCH    OXTlfS, 

If  OS.  4  AND  5,  MODEL  1888MII. 


OBJECT. 

The  object  of  this  investigation  was  to  make  a  careful  examina- 
tion of  the  eroded  surface  of  the  rings  and  determine  more  definitely 
the  nature  of  the  hard  surface  layer  accompanying  erosion. 

CONCLUSIONS. 

A  martensitic  structure  has  been  found  in  the  hard  surface  layer. 
The  photomicrograph  No.  3679  shows  martensite  associated  with 
troostite.  This  micrograph  was  taken  from  a  specimen  of  gun  No.  5. 
It  was  possible  to  develop  a  similar  structure  in  all  the  specimens 
exhibiting  this  hard  surface  layer. 

The  other  data  obtained  is  plotted  on  insert  following.  No  definite 
conclusions  can  be  drawn,  but  as  the  erosion  curve  indicates  the 
greatest  enlargement  of  bore  in  the  centering  and  forcing  cones, 
it  is  suggested  that  in  the  next  gun  to  be  reUned,  rings  for  examina- 
tion be  taken  from  the  chamber,  centering,  and  forcing  cones.  It 
is  thought  that  more  rings  taken  from  these  locations  will  assist  in 
determining  the  influence  of  the  hard  surface  layer  on  the  extent 
of  erosion.  The  location  at  which  the  rings  are  to  be  taken  should 
be  marked  on  the  drawing  of  the  particular  gun  which  is  to  be  reUned. 

Due  to  the  very  uneven  erosion  at  diflFerent  points  on  the  circum- 
ference of  the  rinffs  taken  from  both  gims  No.  4  and  No.  5,  it  is 
further  suggested  fliat  aU  trepanned  rings  taken  hereafter  be  marked 
**  top"  and  "bottom,"  so  that  their  position  in  the  gun  after  removal 
and  shipment  to  this  krsenal  will  be  known. 

OUTLINE   OF  INVESTIGATION. 

The  rings  were  all  caliperbd  to  determine  the  extent  of  erosion^ 
Rings  1  and  2  from  each  gun  were  eroded  more  deeply  on  one  side 
than  on  the  other,  and  to  clearly  show  this,  they  were  caUj)ered  on 
every  land  and  groove.  Segments  were  cut  from  each  ring  and 
the  width,  depth,  and  nmnber  of  cracks  determined,  also  the  thick- 
ness of  the  hard  surface  layer. 

Microscopic  examination  was  made  in  studying  the  nature  of  the 
metal  near  the  eroded  surface. . 

EXPERIMENTAL. 

Watervliet  stated  that  "these  rings  were  taken  from  the  following 
parts  of  the  bore:  One  beginning  at  the  origin  of  the  rifling,  one 
beginning  one  caHber  from  the  first,  one  beginning  at  a  point  one- 
th&d  the  travel  of  the  projectile,  one  beginning  at  a  point  two-thirds 
the  travel  of  the  projectile,  and  one  at  the  muzzle.  For  identifica- 
tion purposes  thay  have  been  marked  with  the  serial  number  of  the 
eun  from  which  taken,  in  addition  to  being  niunbered  consecutively 
from  1  to  5,  inclusive,  beginning  at  the  ring  taken  from  the  origin 

of  the  rifling." 
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Gun  No.  4  had  been  fired  282  rounds  and  gun  No.  5  had  been 
fired  285  rounds.  The  actual  amount  of  metal  eroded  from  the  bore 
is  shown  in  curves  1  and  2,  plotted  as  a  function  of  the  length  of  gun. 
The  erosion  of  both  the  lands  and  grooves  and  part  of  the  powder 
chamber  is  shown.  It  will  be  noticed  that  in  both  gims  toward  the 
muzzle  the  grooves  were  more  severely  eroded  than  the  lands,  whereas 
the  opposite  is  true  in  the  vicinity  of  the  forcing  cone. 

The  average  height  of  land  determined  after  the  rmgs  were  removed 
from  the  gun  is  shown  in  the  following  table: 

GTTN  NO.  4. 


Ring  No. 

Height  of 
land. 

1 : 

Inch. 
0.008 
.016 
.057 
.057 
.057 

2 :. 

3 

4 

5 , 

GTJN  NO.  5. 


Ring  No. 

Height  of 
land. 

■ 
1 

Inch. 
0.009 
.017 
.057 
.059 
.060 

2 

3 

4 

5 

The  erosion  of  the  lands  in  the  rings  taken  at  the  origin  of  rifling 
and  one  caliber  forward  was  so  irregular  that  the  height  of  each 
land  was  carefully  measured  and  the  results  plotted  on  pages  248 
and  249.  No  means  were  available  for  determining  the  top  and  bot- 
tom of  the  ring.  In  the  curves  referred  to  above  the  ordinates  repre- 
sent the  height  of  land  and  the  abscissae  the  consecutive  lands 
around  the  tube,  starting  from  some  arbitrary  point. 

In  examining  the  rings  to  determine  the  extent  of  cracks  as  well 
as  the  hard  sunace  layer,  two  segments  were  taken  from  rings  Nos.  1 
and  2  of  both  guns,  one  where  erosion  was  a  minimum,  marked  H, 
and  one  where  it  was  a  maximum,  marked  L. 

The  following  table  gives  the  results  of  the  measurements  of 
cracks: 

GTTN  NO.  4. 


Ring  No. 


IL. 
IH 
2L. 
2H 
3... 
4... 
5... 


Depth  of  crack. 


Inch. 
0. 022-0. 052 
.008-  .070 
.  008-  .  048 
.006-  .046 
.003-  .036 
.002-  .036 
.001-  .008 


Width  of  crack. 


Inch. 
0.005-0.018 
.004-  .016 
.002-  .028 
.002-  .018 
.001-  .014 
.001-  .014 
.001-  .003 


Mean 

Mean 

depth. 

width. 

Inch. 

Inch. 

0.036 

0.010 

.030 

.007 

.030 

.012 

.025 

.008 

.017 

.005 

.012 

.004 

.002 

.001 

HESBABCH. 
GUN.  NO.  5. 
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Ring  No. 

Depth  of  crack. 

Width  of  crack. 

depth 

Mean 
width 

IL 

Jndi. 
O.006-aO39 
.010-  .036 
.011-.  040 
.00»-.034 
.003-. 033 
.004-  .022 
.002-  .010 

Inch. 
0.001-aOll 
.002-  .010 
.001- .014 
.002-. 03Q 
.001-.  012 
.001-.  012 
.001-  .006 

Inch. 
a024 

.021 

.024^ 

.022  ^ 

.015 

.011 

.004 

Inch. 

a004 
.004 
.005 
.008 
.005 
.003 
.002 

IH 

2L 

2H 

3 

4 

5 

"•• " ? 

These  results  are  plotted  on  curve  3  of  insert. 
The  approximate  number  of  cracks  per  unit  of  land  and  groove  is 
shown  in  the  table  below. 


Ring  No. 

Gun  No.  4. 

Gun  No.  5. 

1  L 

3 
6 
5 
8 
7 
9 
6 

6 

7 

7   . 
10 
12 
12 

9 

1  H 

2L 

2H 

3 

4 

6 

The  above  data  are  plotted  as  a  function  of  the  length  of  gun  in 
curve  4  of  insert. 

Measurements  of  the  hard  surface  skin  were  made  to  determine 
its  approximate  thickness. 


Ring  No 

• 

IL 

IH 

2L 

2H 

3 

4 

5 


Gun  No.  4. 

Gun  No.  5. 

Inch. 

Inch. 

0.0030 

0.0032 

.0028 

.0036 

.0026 

.0028 

.0030 

.0020 

.0000 

I   .0016 

.0000 

.0000 

.0000 

.0000 

1  Occurred  in  isolated  spots. 

The  results  are  plotted  in  curve  *5  of  insert. 

Photographs  No.  3666,  and  No.  3667,  facing  this  page,  show  seg- 
ments of  guns  No.  4  and  No  5,  respectively.  Two  sejgments  are 
shown  of  rmgs  1  and  2  for  both  guns,  one  marked  L,  which  is  much 
more  severely  eroded  than  the  one  marked  H.  The  curves  on  pages 
248  and  249  show  this  condition  graphically. 

Micrographs  No.  3668  to  No.  3678,  inclusive,  all  at  50  diameters, 
show  the  extent  of  the  hard  siuface  layer.  Micrograph  No.  3679 
was  taken  on  the  white  layer  after  polishing  the  face  of  the  bore. 
Polishing  in  this  manner  gave  a  greater  area  of  the  surface  layer  for 
examination  than  had  previously  been  used.  The  micrograph  in 
question  shows  distinct  martensitic  structure. 

All  the  rings  of  both  guns  possessing  the  white  layer,  as  well  as 
those  of  guns  formerly  examined  at  this  arsenal,  were  poUshed  in 
this  manner,  and  careful  examination  showed  distinct  martensite 
associated  with  troostite  in  every  case.  A  longer  time  of  etching  is 
required  ;to  bring  out  this  structure  than  is  ordinarily  employed. 
The  specimen  shown  in  micrograph  No.  3679  was  etched  two  and  one- 
half  minutes  in  a  solution  of  4  per  cent  nitric  acid  in  alcohol. 
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QpiiSeOL 


CuRV.^  SHOy^/NGUHEQUAL 


CtRCuAr£RENC^    OP  t^Of9£, 


^/Kg     L  4NaS  >IA  HDi/NO  C  Vj^CUMj  r^f^^Hi  :^. 


R/^Q^I 


Of?a  MH 


graalon  and  whits  layar.    30  X 


sroslon.    SO  X 


GUN    NO.  4. 
Side  showing  minimum  erosion.    MIcroarapti  Ul< 


d  white  iByar.     50  X. 


GUN    NO.  5.     RING    NO.  I. 
lal  erosion.     White  layer  and  crack  vlilble.     50  X. 


GUN    NO.  5.     RING    NO.  2. 


GUN    NO.  S.     RINQ    NO.  2. 

SIds  showinE  minimum  eroalon.    Thin  whits  laysr  and  large  crack  vliible.    50  X. 
249-S 
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GUN    NO.  5.     RING    NO.  1. 
.     Taken  In  groovas  to  compare  with  Micrograph  No.  3677.     50  X. 
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ON 


CuR\  'E  SHO  V///G  UNEQUAL 
iOS  /  AT  VAA  VOUff  P^//r3 
U/ffCUHfERENOE  Op-  B  OjRE 


r> 


jfi- 


t?£/A/r5 


o      o 


RiN^^2 


ox. 


Q  OA/SECt  T/VE  Z>  WPS  >//  KHJND  i  liRCUM  fEfPENi  7^ 


INSXTLATINO  MATEBIAL. 


OBJECT. 


The  object  ot  this  investigation  was  to  determine  the  relative 
merits  of  molded  insulating  compounds  •  used  in  carriage  con- 
struction. This  test  was  coimned  to  the  mechanical  properties  of 
these  materials.  Four  samples  were  submitted  for  test,  marked  as 
follows:  A,  B,  C,  and  D. 

CONCLUSIONS. 

The  following  tables  abstract  the  data  obtained  and  show  the 
relative  rank  in  each  test  of  the  material  examined: 

BELATIVE   BANKING  OF  MATERIALS  IN  ABSORPTION  TESTS. 


Absorption  with  raw 
edges. 

Absorption  with  minimum 
of  raw  edge  exposed. 

Cold. 

Hot. 

Cold. 

Hot. 

Percent. 
C  1.2 
B  1.8 
A  3.3 
D  7.3 

Percent. 
C  i.8 
B  7.5 
A  7.7 
D  7.9 

Percent. 
A  0.37 
C  0.8 
B1.5 

D  a9 

Per  cent. 
C  3.0 
A  4.4 
B  4.7 
D  &8 

Remarks, — With  a  great  deal  of  raw  surface  exposed,  the  ranking 
is  C,  B,  A,. and  D.  With  a  minimimi  of  raw  edge  exposed,  material  A 
stands  up  well.     Material  D  is  at  the  bottom  of  the  list  throughout. 


BBINELL  HABDNESS. 


Rank. 

1 

As  received. 

After 

soaking, 

cold  water. 

After 

soaking, 

hot  water. 

1 

—        i 

B  49 
A  41.4 
C  40.6 
D  14.8 

C  35 
B  25.1 
A  21 
D  10.6 

C  27.8 
B  24.2 
A  16.5 

D  ia7 

2 

3 

1     4 

1 

Remarks. — ^Material  B,  A,  and  C  all  have  a  Brinell  hardness  over 
40  as  received.  Material  C  retains  its  hardness  after  soaking  better 
than  the  other  samples.  The  ranking  after  either  cold  or  hot  water 
soaking  is  C,  B,  A,  ajid  D. 
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TBANSVEBSB  TESTS. 


Rank. 

As  received. 

After 
soaking  In 
C3ld  water. 

After 
soaking  in 
hot  water. 

1 

B  9,857 
C  6,795 
A  3,180 
D  3,120 

B  9,758 
C  8,147 
A  2,802 
D  2,595 

B  4,880 
C^,825 
D  2,395 
A  1,886 

2 

3 

4 

Remarks, — ^The  transverse  tests  show  the  following  order  of  merit 
on  the  material  as  received:  B,  C,  A,  and  D.  After  soaking  in  hot 
water,  materials  A  and  D  are  inverted  in  their  order. 

EXPERIMENTAL. 

The  outline  followed  in  obtaining  the  data  on  which  the  above 
conclusions  were  based  was  as  follows: 
'1)  Transverse  tests  as  received. 

[2)  Hardness  tests  as  received. 

[3)  Transverse  tests  after  soaking  in  cold  water. 

[4)  Hardness  tests  after  soaking  in  cold  water. 

[5)  Transverse  tests  after  soaking  in  hot  water. 

[6)  Hardness  tests  after  soaking  in  hot  water. 

[7)  Determination  of  water  absorbed  after  soaking  in  hot  water 
and  in  cold  water. 

The  absorption  tests  were  conducted  as  follows:  Specimens  approx- 
imately 2J  by  0.5  by  0.5  inch  were  sawed  from  the  blocks  for  test. 
These  samples  are  described  in  the  data  tables  as  having  raw 
edges  exposed.  The  samples  of  A  and  B  material  with  no  raw  edge 
were  disks  2\  inches  in  diameter.  Both  C  and  D  material  had  two 
raw  edges  where  the  2J  inch  square  block  was  taken  from  the  piece. 

The  samples  were  washed  in  dilute  solution  of  potassium  hydrate 
and  then  immersed  in  beakers  of  tap  water,  the  temperature  of  the 
water  being  recorded  from  time  to  time.  The  following  table  gives 
the  detailed  results  of  the  test.  This  test  extended  over  a  period  of 
210  hours. 

ABSOBPTION  TESTS. 

[Time,  210  hours.    Average  temperature,  cold  water,  23.2**  C;  hot  water,  55.2"  C.] 

COLD. 


Harks. 


A3. 
A  4. 

A7. 
A  15 

A... 

• 


Dimensions 

1. 

Weight. 

Absorption 

• 

Length 
(inches). 

2.668 
2.781 
2.668 
2.695 
1  2. 761 

Width 
(inches). 

Thick- 
ness 
(inches). 

Dry 
(grams). 

Wet 
(grams). 

Increase 
in  weight 
(grams). 

Per  cent 
increase. 

Mean. 

0.495 
.493 
.501 
.500 

0.500 
.507 
.508 
.510 
.498 

20.29 
20.53 
21.00 
21.18 
94.10 

20.75 
21.28 
21.78 
22.00 
94.45 

0.46 
.75 
.78 
.82 
.35 

• 

2.2 
3.6 
3.7 
3.8 
.37 

3.3 

Equals  diameter. 
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Absorption  tesU — Continued. 

HOT. 


Marks. 

Dimensions. 

Weight. 

Absorption. 

Length 
(inches). 

Width 
(inches). 

Thick- 

ness 

(inches). 

Dry 
(grams). 

Wet 
(grams). 

Increase 
in  weight 
(grams). 

Per  cent 
increase. 

Mean. 

A2 

2.676 
2.723 
2.537 
2.620 
»2.764 

a496 
.500 
.501 
.500 

a  491 
.503 
.525' 
.516 
.506 

20.02 
20.98 
20.38 
2a  83 
04.10 

22.48 
21.78 
22.02 
22.28 
98.27 

2.46 
.80 
1.64 
1.45 
4.17 

12.2 
3.8 
8.0 
6.9 
4.4 

7.7 

AS 

A  11 

A  12 

AA 

COLD, 


HOT. 


COLD. 


HOT. 


COLD. 


HOT. 


B6 

2.^1 
2.582 
2.670 
2.683 
12.753 

0.502 
.501 
.502 
.502 

a  475 
.494 
.478 
.502 
.502 

13.81 
13.81 
13.78 
14.65 
65.31 

14.03 
14.07 
14.02 
14.95 
66.32 

0.22 
.26 
.24 
.30 

LOl 

1.5 
L8 
L7 
2.0 
L5 

L7 

B  11 

B  13 

B  14 

BB 

B  1 

2.645 
2.701 
2.682 
2.754 
»  2. 741 

0.501 
.500 
.501 
.498 

0.477 
.488 
.492 
.504 
.507 

13.66 
14.31 
14.32 
14.97 
65.35 

14.66 
15.41 
15.38 
16.13 
68.46 

LOO 
LIO 
LOO 
L16 
3.11 

7.3 
7.6 
7.4 

7.7 
4.7 

7.5 

B4 

B  18 

B20 

B 

V 

C  1 

2.627 
2.615 
2.589 
2.662 
2.491 

0.501 
.498 
.500 
.500 

2.494 

0.510 
.514 
.515 
.503 
.494 

14.16 
14.12 
14.05 
14.06 
64.38 

14.33 
14.30 
14.21 
14.24 

64.87 

0.17 
.18 
.16 
.•18 
.49 

L2 
L2 
LI 
L2 
.76 

L17 

C4 

C9 

C16 

C20 

C3 

2.625 
2.606 
2.590 
2.665 
2.488 

0.500 
.490 
.500 
.498 

2.493 

0.513 
.515 
.515 
.502 
.494 

14.12 
14.03 
13.97 
13.99 
64.25 

14.78 
14.70 
14.68 
14.70 
66.22 

0.66 
.67 
.71 
.71 

L97 

4.6 
4.7 
5.0 
5.0 
3.0 

i        4.8 

C5 

C  10 

C13 

C21 

D2 

2.728 
2.607 
2.691 
2.675 
2.452 

0.502 
.505 
.498 
.499 

2.463 

0.554 
.545 
.540 
.537 
.532 

25.75 
24.68 
24.05 
23.74 
10L60 

27.45 
26.55 
25.87 
25.50 
106.69 

L70 
L87 
L82 
L76 
7.09 

&6 
7.5 
7.5 
7.4 
6.9 

7.2 

D5 

D14 

D  15 

D20 

D3 

2.727 
2.667 
2.692 
2.603 
2.462 

0.500 
.500 
.495 
.500 

2.448 

0.553 
.543 
.543 
.542 
.526 

25.46 
23.80 
24.33 
24.26 
100.12 

27.42 
25.71 
2a  25 
2a  24 
106.97 

L96 
L91 
L92 
L98 
8.85 

7.6 
8.0 
7.8 
8.1 
8.8 

7.6 

D7 

D  12 

D  13 

D  21 

Equals  diameter. 
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Material. 

Nature  of  specimen. 

• 

Absorp- 
tion, 
mean 
value. 

Average 
temperature. 

A 

Transverse  test  specimen  with  raw  edges 

do 

Percent. 
3.3 
7.7 

.37 
4.4 
1.8 
7.5 
1.5 
4.7 
1.2 
4.8 

.8 
3.0 
7.3 
7.9 
6.9 
8.8 

Coldwater»23.2. 
Hot  water,  55. 2. 
Cold  water. 
Hot  water. 
Cold  water. 
Hot  water. 
Cold  water. 
•  Hot  water. 
Cold  water. 
Hot  water. 
Cold  water. 
Hot  water. 
Cold  water. 
Hot  water. 
Cold  water. 
Hot  water. 

A 

A 

^oimd  disk,  no  raw  edns. 

A 

do 

B 

Transverse  test  specimen  witb  raw  edges 

do 

B :.... 

B 

Tionnd  disk,  no  rew  edsfis 

B 

do 

C 

Transverse  test  specimen  with  raw  edges 

do 

fc.:::::. :.::::: 

c 

Souare  plate,  two  edees  raw 

c 

.....do * 

D 

Transverse  test  specimen  with  raw  edges 

do 

D 

D 

Square  Plate  with  two  raw  edees 

D 

do.» 

. 

HABDNESS  TESTS. 


Hardness  tests  were  obtained  on  samples  of  each  material  as 
received,  and  after  soaking  in  cold  water  and  in  hot  water,  respec- 
tively. A  pressure  of  500  kilograms  was  used  with  a  lO-miUimeter 
ball. 


Sample. 

Hardness 

as 
received. 

Hardness 

after  soaking 

in  cold 

water. 

Hardness 

after  soaking 

in  hot 

water. 

A 

38 
40 
43 
43 
43 

15.3 
17.8 

B 

Mean 

21 

41.4 

21 

16.5 

48 
50 
50 
48 
48 

25.9 
27.2 
25.9 
23.8 
22.8 

23.8 
24.9 
23.8 
21.8 
24.9 

C. 

■ 
Men" 

49 

25.1 

24.2 

40 
40 
43 
40 
40 

35 

36 

34.5 

34.5 

37 

29.7 
28.4 
26.5 
27.2 
27.2 

D.. 

• 
Mean 

40.6 

35.4 

27.8 

16.6 
14.5 
U.l 
15.3 
17.8 
13.3 

11.1 
10.3 
10.3 

0.9 

12.4 

9.9 

Mfmn , .    ...    . .    

- 

14.8 

10.6 

10.7 

1  Specimen  scaled  off  under  ball. 

The  following  photograph  is  introduced  at  this  point  to  show 
the  behavior  of  the  samples  under  the  ball  test.  The  samples  are 
arranged  on  the  photograph  in  the  following  order:  A,  B,  C,  and  D, 
from  the  top  downward.  From  left  to  right  the  order  is,  as  received, 
after  soaking  in  cold  water,  and  after  soaking  in  hot  water.  Sample 
A,  after  soaking,  was  subject  to  spalling  under  the  Brinell  ball. 
Sample  D  cracked  as  shown  in  the  photograph. 
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TBANSVEBSE  TESTS. 

Twelve  specimens  from  each  .sample  were  tested  for  transverse 
strength,  four  as  received,  four  after  soaking  in  cold  water,  and  four 
after  soaking  in  hot  water.  The  small  Emery  hjrdranlic  machine 
was  used  and  the  distance  between  supports  was  2  inches.  The  fol- 
lowing table  gives  the  detailed  resulte.     The  formula  used  in  cal- 

3  P  1 
culating  the  modulus  of  rupture  was  R  =  ^  ,    ,3  • 


NO  TBEATMENT— AS  RECEIVED. 


Harks. 


A  5 
A  6 
A  10 
A  13 
B  3 
B  9 
B  12 
B15 
C  2 
C  7 
C  15 
C  17 
D  1 
D  4 
D  6 
D   8 


Width 
(inches). 


a  501 
.501 
.501 
.501 
.501 
.500 
.502 
.501 

*.500 
.501 
.500 
.498 
.499 
.498 
.498 
.499 


Depth 
(incnes). 


0.498 
.498 
.499 
.495 
.485 
.505 
.476 
.505 
.512 
.501 
.504 
.504 
.555 
.552 
.542 
.535 


Tensile 
strength 
(pounos). 


115 
106 
148 
141 
400 
450 
430 
340 
333 
306 
253 
254 
209 
90 
162 
165 


Modulus  of  rupture. 


Pounds 

(per  square 

inch). 


2,780 
2,610 
3,950 
3,380 
10,000 
10,380 
11,210 
7,840 
7,680 
7,340 
6,070 
6,090 
3,990 
1,780 
3,320 
3,390 


Mean 

pounds 

(per  square 

inch). 


3,180 
9.857 
6,795 
3,120 


SOAKED  IN  COLD  WATER— WATER  23.2"  C. 


A  3 
A  4 
A  7 
A  15 
B  6 
Bll 
B13 
B  14 
C  1 
C  4 
C  9 
C  16 
D  2 
D  5 
D14 
D15 


0.498 

0.500 

138 

.495 

.515 

131 

.505 

.519 

U4 

.502 

.518 

113 

.503 

.481 

347 

.502 

.501 

433 

.503 

.495 

405 

.503 

.510 

428 

.504 

.512 

391 

.500 

.517 

353 

.502 

.518 

346 

.502 

.506 

349 

.507 

.555 

169 

.509 

.549 

58 

.503 

.543 

159 

.505 

.540 

137 

3,310 
2,910 
2,480 
2,510 
9,050 
10,390 
9,720 
9,870 
9,020 
7,840 
7,680 
8,050 
3,200 
1,130 
3,270 
2,780 


SOAKED  IN  HOT  WATER. 


A  2 
A  8 
All 
A  12 
B  1 
B  4 
B  18 
B20 
C  3 
C  5 
C  10 
C  13 
D  3 
D  7 
D12 
D  13 


0.512 
.504 
.516 
.514 
.512 
.511 
.512 
.509 
.505 
.503 
.507 
.506 
.503 
.503 
.499 
.502 


0,552 
.546 
.575 
.563 
.507 
.519 

..520 
.535 
.530 
.533 
.533 
.522 
.556 
.547 
.548 
.647 


123 

106 

62 


207 
226 
256 
216 
171 
172 
210 
165 
130 
120 
131 
110 


2,410 
2,100 
1,150 


4,680 
4,930 
5,580 
4,370 
3,600 
3,680 
4,420 
3,606 
2,460 
2,350 
2,590 
2,180 


1,886 
4,880 
3,825 
2,395 


IirVESTIOATIOH  OF  BIHOS   FBOM  4.7-inGH  HOWITZEB. 

Material. 

.    Seven  rings  were  received  from  Watervliet  Arsenal,  marked  as 
foUows: 

4.7-inch  howitzer,  model  1912,  No.  53,  136728B2  F2. 
4.7-inch  howitzer,  model  1912,  No.  52,  136728B2  Fl. 
4.7-inch  howitzer,  model  1912,  No.  51,  136712B1  F4. 
4.7-inch  howitzer,  model  1912,  No.  50,  136712B2  Fl. 
4.7-inch  howitzer,  model  1912,  17852,  136712B2  F2. 
4.7-inch  howitzer,  model  1912,  No.  49,  136712B3  F3. 
4.7-inch  howitzer,  model  1912,  No.  47,  136712B3  Fl. 

The  dimensions  of  ring  No.  50  were  such  that  no  test  specimens 
could  be  taken,  consequently  the  investigation  was  confined  to  the 
other  six  rings. 

OBJECT. 

The  object  of  this  investigation  was  to  determine  the  physical 
properties  of  the  metal  in  each  tube  and  the  relation  of  these  proper- 
ties to  the  presence  of  streaks.  This  investigation  was  imdertaken 
subsequent  to  the  failure  at  this  Arsenal  to  produce  satisfactory 
bodies  for  the  4.7-inch  howitzers.  The  above  rmgs  were  forwarded 
to  this  Arsenal  from  Watervliet  Arsenal,  and  represent  forgings 
secured  from  the  Bethlehem  Steel  Co. 

CONCLUSIONS. 

It  IS  impossible  to  draw  any  definite  conclusions  from  this  inves- 
tigation. Certain  general  deductions  can  be  made,  however,  which 
are  of  interest. 

The  iodine  etching  of  forgings  for  the  location  of  test  specimens  is 
not  only  practicable  but  very  essential.  If  proper  precautions  were 
taken  to  locate  test  specimens  for  acceptance  by  this  means,  the 
necessity  of  an  additional  clause  in  the  specifications  to  allow  re- 
jection on  accoimt  of  streaks  would  be  less  urgent. 

If  a  test  specimen  is  located  in  a  region  containing  the  maximum 
number  of  streaks  and  still  shows  good  elongation  and  contraction, 
the  shock  test  wiU  in  alTprobability  be  good  and  the  forging  suitable 
for  gun  construction.  Inat  this  condition  will  exist  is  very  doubt- 
ful, and  badly  streaked  metal  wiU  generally  fail  in  elongation  and 
contraction  oi  area. 

Being  low  in  ductility,  the  shock  test  will  be  poor  and  the  material 
consequently  unsafe  for  ordnance  purposes.  Until  it  is  possible  to 
introduce  a  uniform  and  reliable  shock  test,  the  ductility  as  recorded 
by  the  elongation  and  contraction  of  area  in  the  tensile  test  must  be 
maintained  at  the  highest  possible  figure  consistent  with  the  elastic 
limit  and  tensile  requirements. 
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Some  of  the  rings  from, the  4.7-iiich  howitzer,  model  of  1912,  re- 
ported herein,  did  not  meet  the  specifications  regarding  elongation 
and  reduction  of  area,  especially  when  the  tests  were  located  m  the 
streaked  portions  of  the  ring.  The  shock  test  as  determined  by 
the  Charpy  impact  machine  was  likewise  low. 

EXPEBIMENTAL.  \. 

The  procedure  followed  for  each  tube  was: — 

(1)  Iodine  etching  to  determine  the  presence  or  absence  of  streaks. 

(2)  Location  of  tensile  and  Charpy  specimens  from  the  data 
obtained  by  iodine  etching.  The  attempt  was  made  to  locate  one 
tensile  specimen  in  the  badly  streaked  portion  of  each  tube  and 
another  specimen  in  a  portion  free  from  streaks  wherever  this  was 
feasible. 

(3)  Microexamination  of  the  metal  in  eacJi  tube. 

To  facilitate  the  presentation  of  the  data  obtained,  the  results  of 
the  tests  on  each  ring,  together  with  th6  photograph  after  iodine 
etching  and  the  micrograplS,  are  recorded  on  one  page. 

Although  the  conclusions  drawn  from  the  results  presented  must 
be  very  general,  the  following  are  at  least  of  interest. 

Dividing  the  rings  into  two  classes  containing  three  rings  each,  (a) 
badly  streaked,  (6)  not  as  badly  streaked  as  (a),  the  following  arrange- 
ment seems  justified. 

(a)  Rings  53,  52,  17852. 

(ft)  Rings  51,  49,  47. 

Means  cm  class  (a)  rings. 

Yield  point pounds  per  square  inch. .  61, 100 

Tensile  strength do 93, 500 

Elongation per  cent. .      20. 1 

Contraction  of  area : .do 29. 4 

Charpy  impact  test foot-pounds  per  square  inch. .        179 

Brinell  hardness  number 183 

Means  on  class  (b)  rings. 

Yield  point pounds  per  square  inch. .  61, 900 

Tensile  strength do 93, 000 

Elongation *. per  cent. .      22. 2 

Contraction  of  area do 41. 0 

Charpy  impact  test I foot-pounds  per  square  inch. .     186. 5 

Brinell  hardness  number 184 

From  an  examination  of  the  mean  values  the  following  facts  are 
evident. 

(1)  The  presence  of  streaks  has  apparently  littJe  effect  on  the 
location  of  the  "yield  point"  or  value  of  the  tensile  strength. 

(2)  Class  (a) — hadly  streaked  rings — show  a  less  elongation  and 
contraction  of  area  than  class  (ft) — ^rings  not  so  badly  streaked  as 
class  (a), 

(3)  The  shock  test  on  class  (a)  gave  a  lower  value  than  on  class  (&). 
It  is  ako  of  interest  to  note  that  ring  53,  showing  an  elongation 

of  18  per  cent  and  contraction  of  20.5  per  cent,  gave  a  Charpy  test  of 
only  157  foot-pounds  per  square  incn,  thus  bearing  out  the  con^ 
elusions  expressed  on  the  first  page  of  this  report. 


MICROGRAPH   NO.  J639.     50  X. 

IB  throuEhoul:  metal.     Thoid  tmall  elongatsd  sl>E 
ring.     It  Is  thought  that  this  condition  Is  oftan   mi 


MICROGRAPH  NO.  3640.     500  X,     SORBITIC  STRUCTURE. 
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Ring  5$. 


Marks. 

Yield 
point. 

Tensile 
strength. 

Elonga- 
tion (per 
cent). 

Contrac- 
tion (per 
cent). 

Gharpy. 

Brin- 
ell. 

Remarks. 

53a 

53b 

58,500 
62,000 

94,500 
99,000 

18.0 
18.0 

20.5 
20.5 

}il57 

/    183 
\    187 

Many  streaks. 

DO. 

1  Average  of  four  tests. 


Both  specimens  very  badly  streaked.    Contraction  of  area  very 
poor.    Charpy  strength  also  rather  low.  . 


31082—1^ 


30 
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Ring  52, 


Marks. 

Yield 
point. 

Tensile 
strength. 

Elonga- 
tion 
(per 

cent). 

Con- 
traction 
(per 
cent). 

Charpy. 

Brinell. 

Remarks. 

62a 

52b 

60,500 
62,000 

90,000 
93,000 

25.5 
21.0 

43.3 
34.0 

}»193 

/    179 
\    183 

Very  few  spots. 

Many  more  spots  than  A. 

1  Average  of  four  tests. 


It  is  to  be  noted  in  the  above  tests  that  52b,  containing  more 
streaks  than  52a,  also  shows  less  contraction  of  area. 


MJCROGRAPH  NO.  3637,     SOX. 


MICROGRAPH   NO.  3638.    SCO  X. 
Localad  on  itrsak.     Note  slag  Inclualor  and  alao  low   ( 


.ilCROGRAPH   NO.  3641.     5 
Struclura  tiner  Chan  rinea  47  oi 


GRAPH    NO.  J642.     500   ) 
)  10  rb  I  tic  witn  axcess  (errit 
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Marks. 

Yield 
point. 

Tensile 
strength. 

Elonga- 
tion 
(per 

cent). 

Con- 
traction 
(per 
cent). 

Charpy. 

Brinell. 

Bemarks. 

17852a 

17852b 

63,000 
61,000 

93,500 
91,000 

17.5 
20.5 

24.0 
34.0 

|U87 

/    187 
\    179 

Great  many  streaks. 
Do. 

1  Average  of  four  tests. 


This  ring  had  many  more  streaks  than  either  47  or  49,  as  did 
also  test  specimens  taken  from  same.  Note  low  figure  for  elonga- 
tion and  contraction  of  test  17852a. 


260 


BESEABCH. 
Ring  51. 


Marks. 

Yield 
point. 

Tewdle 
strength. 

Elonga- 
tion 
(per 

cent). 

Ck>n- 

traction 

(per 

cent). 

Cliarpy. 

Brinell. 

Remarks. 

51a 

51b 

50,500 
60,500 

94,000 
94,000 

16.0 
24.5 

27.4 
46.2 

V18I.5 

/    187 
\    187 

Free  from  streaks. 
Do. 

1  Average  of  four  tests. 


Specimen  51a  broke  near  shoulder.  It  is  thought  that  location 
of  break  makes  this  test  not  representative.  This  ring,  although 
relatively  free  from  large  streaks,  is  full  of  many  very  fine  ones. 


MICROGRAPH    NO.  36S6.     500   > 


MICROGRAPH    NO.  3629.     50  X. 
Structure  very  similar  to  Ring  47.     To  be  compared  with   Micrograph   M 
ZSl-3 


MICROGRAPH   NO.  J6J0.     500  X. 
Structure  very  aimllBr  to   Ring  47.     To  be  compared  with   MIci 
»l-3 
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Ring  49. 


Marks. 

Yield 
point. 

Tensile 
strength. 

Elonga- 
tion 
(per 

cent). 

Con- 
traction 
(per 
cent). 

Cbarpy. 

Brinell. 

Remarks. 

1 

1    49a 64,500 

49b 62,500 

94,500 
94,000 

22  5    '      46  2     \,  190 
23.5    1      46.2     /    ^^ 

/    183      Not  many  streaks. 
\    183             Do. 

1  Average  of  four  tests. 

ITiere  were  fewer  streaks  in  the  test  specimens  cut  from  this  ring 
than  were  present  in  ring  47. 
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Ririg  No.  47. 


Marks. 

Yield 
point. 

Tensile 
strength. 

Elonga- 
tion 
(per 
cent)r 

Con- 
traction 
(per 
cent). 

Charpy. 

Brinell. 

Remarks. 

47a 

47b 

64,000 
60,500 

92,500 
89,000 

22.5 
24.5 

46.2 
34.0 

}  U90 

/    183 
\    179 

Not  many  streaks. 
More  streaks  than  47a. 

^  Average  of  four  sx>ecimens. 


Specimen  47b,  which  showed  more  streaks  than  47a,  had  a  less 
reduction  of  area.  The  elongation  was  greater  in  47b  than  in  47a, 
but  this  increase  of  elongation  was  due  to  the  fact  that  the  metal 
opened  up  along  the  streaks,  giving  a  false  elongation. 


MICROGRAPH    NO.  362S.     50   X. 
282-3 


MICROGRAPH    NO.  362G.     500  X 


/[CfiOGRAPH   NO,   3627. 


1   NO.   3628.     500  X 


IirVESTIGATIOir  OF  STREAKED  QtTJV  TUBE. 

The  object  of  this  investigation'was.  to  determine  if  the  ghost  lines 
which  were  present  in  B  tube  No.  132893B1  would  be  a  source  of 
weakness  in  this  tube. 

CONCLUSIONS. 

The  results  obtained  on  eight  tensile  tests  show  that  there  was  very 
little  diflference  in  the  physical  properties  of  any  of  the  specimens. 
Some  of  the  specimens  tested  included  a  number  of  ghost-lines, 
whereas  the  others  were  practically  free  from  same. 

The  results  of  the  Charpy  tests  show  that  the  material  of  the  tube 
had  very  good  shock  resistance.  The  Charpy  results  on  the  different 
specimens  were  erratic,  but  no  connection  could  be  foimd  between 
ttis  irregularity  and  the  presence  of  ghost-lines  in  the  specunens. 

The  results  of  the  tensile  tests  show  that  the  material  of  this  tube, 
does  not  meet  the  required  specifications,  and  an  additional  clause  in 
the  specifications  relative  to  streaks  would  not  be  necessary  to  cause 
the  rejection  of  this  tube. 

MATERIAL. 

The  material  used  in  this  investigation  was  a  ring  2J  inches  thick, 
which  was  cut  from  the  muzzle  end  of  B  tube  No.  132893B1  from 
14-inch  gun  No.  16. 

EXPERIMENTAL. 

Three  specimens  marked  '^A,''  ^*B,''  and  ^'C,V'  were  cut  from  this 
ring,  as  shown  in  photograph  No.  3544,  for  microscopic  examination. 
Ei^t  tensile  and  eight  Charpy  tests  were  taken  from  the  ring  in  the 
location  shown  also  on  photograph  No.  3544.  Two  specimens  were 
taken  at  each  location,  on©  directly  imder  the  other,  the  specimens 
being  so  located  that  some  would  be  relatively  free  from  streaks, 
whereas  others  would  contain  streaks  in  the  maximum  amount. 
Both  the  Charpy  and  tensile  specimens  were  etched  with  iodine 
before  testing,  rhotographs  No..  3547  and  3548  show  the  appear- 
ance of  the  tensile  specimens  after  iodine  etching.  It  is  to  be  noted 
at  this  point  that  the  white  spots  on  the  specimens  are  the  end  of  the 
streaks.  In  most  cases  these  streaks  were  continuous  throughout 
the  specimen,  and  the  streak  could  be  located  on  the  opposite  side. 
Both  the  specimens  marked  *' J"  were  very  streaky.  Bom  specimens 
marked  *'C"  contained  about  the  same  number  of  streaks,  whereas 
both  specimens  marked  *'F''  and  *'H"  were  relatively  free  from 
streaks.  The  specimens  appear  in  the  photographs  in  the  order 
tested. 
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TENSHJS  TESTS. 


Marks. 


16  H 

54.000 

16  H 

53.000 

16J 

54.000 

16J 

53.000 

16  F 

52,000 

16F 

54.000 

16G 

16G 

54,000 

Yield  point 

(pounds  per 

square  inch). 


TensUe 

strenifth 

(pounds  per 

square  inch). 


84.000 
83.500 
84.000 
83,500 
84,000 
84.000 
85,000 
85,000 


Elongation 
(per  cent). 


23.0 
21.0 
24.5 
24.5 
26.5 
25.0 
23.0 
22.0 


Omtrae- 

tion  (per 

cent). 


Brinell 
hardness. 


167 
167 
167 
171 
176 
171 
171 
171 


An  inspection  of  the  results  of  the  tensile  tests  shows  very  close 
agreement  in  yield  point,  tensile  strength,  elongation  and  contrac- 
tion. As  previously  pointed  out,  these  results  are  much  lower  than 
those  obtained  at  the  works  of  the  manufacturer,  and  are  sufficient 
in  themselves  to  cause  rejection  of  the  material. 

Photographs  No.  3546  and  No.  3545  show  the  Charpy  specimens 
after  etching  with  iodine.  Specimen  No.  16L1  has  a  streak  directly 
under  the  notch,  as  has  also  specimen  16N1.  These  are  the  only 
specimens  in  which  the  streak  was  continuous  and  under  the  notch. 
Specimens  16K2,  16M1,  16M2  show  streaks  on  one  side  of  bar  only. 
Although  the  foot  poimds  absorbed  per  square  inch  varied  in  the 
specimen  tested  from  231  to  302,  no  apparent  weakening  or  varia- 
tion can  be  directly  ascribed  to  the  presence  of  streaks. 

CHABPY  TESTS. 


Marks. 

Sectional 

area  (square 

inch). 

Excess  angle. 

Foot  pounds 
absorbed. 

Foot  pounds 
per  square 
inch. 

1    16  K 

0.0780 
.0782 
.0784 
.0784 
.0778 
.0784 
.0786 
.0784 

137.4 
137.5 
134.8 
133.9 
134.5 
135.9 
137.9 
135.8 

18.87 
18.74 
22,44 
23.73 
22.86 
20.91 
18.20 
21.05 

241 
239 
286 

16  K 

16  N 

16  N 

302 

16  M 

293 
266 
231 
268 

16  M 

,    16  L 

1    16  L 

1 

MICRO-EXAMINATION. 

The  three  sections  A,  B,  and  C,  shown  in  photograph  No.  3544 
were  polished  so  as  to  show  the  streaks  in  a  longitudinal  direction. 
Photograph  No.  3533  shows  the  surface  after  iodine  etching.  The 
streaks  were  left  white  by  this  treatment,  and  the  remainder  of  the 
metal  was  unattacked.  The  nature  of  the  lighting  caused  these 
streaks  to  appear  dark  in  this  photograph. 

Upon  etching  the  same  specimens  after  repolishing,  using  Stead^s 
reagent,  the  copper  was  not  deposited  upon  the  streaks. 

The  entire  end  of  the  ring  was  next  polished  roughly  with  coarse 
emery  cloth  and  etched  with  iodine.     This  simple  polishing  and  etch- 
ing revealed  the  streaks  very  well.     Two  spots  marked  ^*D''  and  ^'E'' 
on  photograph  No.  3544  were  next  polished  and  etched  with  iodine 
Photograph  No.  3543  shows  the  result  of  this  operation. 


f 
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MICROGRAPH    NO.  3535.     50   X. 
Id  with  stud's  reaesnt.     Straak  incljdad  It 


MICROGRAP 

■1    NO.  1536. 

50 

Spec-man   A   etched   wil 
2flS-2 

HNOi.     Streak   1 
lower  than 

surrounding 

SS 

MICROGRAPH    NO,  3538.     500  X 
Mstal.frsa  from  streaks. 


MICROGRAPH   NO.  3539.     500  X. 
%5-4 
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By  thus  taking  sections  in  both  directions 'it  was  possible  to 
determine  the  extent  and  nature  of  the  streaks.  It  is  to  be  con- 
cluded from  the  rings  examined  that  the  streaks  were  small  and  not 
continuous. 

Specimen  A  was  then  taken  for  microscopic  examination.  Micro- 
graph No.  3536,  at  50X,  shows  the  structure,  including  the  streak 
on  specimen  A,  after  nitric  acid  etching.  A  number  of  elongated 
inclusions  are  present,  and  the  carbon  content  of  the  streak  is  lower 
than  that  of  the  surrotmding  metal. 

Micrograph  No.  3535,  at  50X,  shows  the  structure  on  the  same 
specimen  after  etching  with  Stead's  reagent.  A  number  of  inclusions 
adjacent  to  the  stred^:  are  evident. 

Two  micrographs  at  500X  are  shown  on  plates  265-3  and  265-4. 
These  show  beyond  doubt  that  the  carbon  content  of  the  streak 
is  lower  than  the^  carbon  content  of  the  surrounding  metal.  The 
structure  is  sorbitic. 

REMARKS. 

Due  to  the  fact  that  streaked  f orgings  are  becoming  common  in 
ocoiurence,  and  due  to  the  necessity  of  obtaining  further  information, 
it  is  thought  desirable  that  tensile  specimens  be  located  by  means 
of  macro-etchings.  An  iodine  etching  is  very  simply  made  with  a 
fresh  alcoholic  solution  of  iodine  ana  the  surface  does  not  need  to 
be  highly  polished.  If  the  end  of  the  tube  from  which  the  specimens 
are  to  be  taken  is  etched  with  iodine,  the  tests  for  acceptance  could 
be  located  in  the  most  badly  streaked  portion. 

Definite  information  could  thus  be  rapidly  acquired  concerning 
the  nature  and  extent  of  streaks  necessary  to  cause  failure  of  the 
metal. 


POSTABIE  POUSHIHG  OUTFIT  FOS  METALLOGSAPHIC  WOSK. 

OBJECT. 

The  object  of  this  investigation  was  to  develop  a  satisfactory 
grinding  and  polishing  outfit  for  metallographic  work. 

CONCLUSIONS. 

The  outfit  herein  described  is  better  adapted  for  the  above  work 
than  any  outfit  now  on  the  market  and  sola  for  this  purpose. 

EXPEBIMENTAL. 

The  attempt  was  made  in  the  design  of  this  polishing  machine  to 
avoid  the  use  of  a  flexible  shaft  with  which  some  outfits  are  equipped, 
the  customary  construction  being  to  connect  a  small  motor  to 
the  necessary  polishing  wheels  by  means  of  a  flexibk  shaft.  The 
use  of  such  a  shaft  brought  with  it  its  attendant  difficulties  and 
increased  the  weight  of  the  outfit  to  an  unnecessary  degree. 

The  outfit  described  below  was  constructed  by  fitting  a  special 
chuck  to  a  lisht  motor  operating  on  either  alternating  or  direct 
current.  To  this  chuck  can  be  attached  the  emery  wheel  for  rou^ 
polishing  or  the  buffing  wheels  faced  with  either  canvas  or  broad- 
cloth, depending  on  the  powder  being  used. 

To  enable  holding  the  machine  to  the  work  and  to  secure  a  per- 
fectly flat  polished  surface,  a  special  guide  was  constructed,  as 
shown  in  photographs  Nos.  3653  and  3654.  and  drawing. 

Photograph  No.  3653  shows  the  guide  betore  assembling  and  also 
the  emery  and  buffing  wheels. 

Photograph  No.  3654  Bhows  the  guide  assembled  and  attached  to 
the  grinder.  The  spring  is  adjusted  to  such  a  tension  that  the  grind- 
ing wheels  will  just  touch  the  work  when  no  pressure  is  applied. 
The  weight  of  the  entire  outfit  is  7i  pounds. 

PoUshmg  proceeds  in  the  usual  manner:  (1)  Rough  polishing  with 
an  emery  wheel  to  secure  a  flat  surface;  (2)  canvas  facing  on  Duffer 
with  flour  emery  and  water  for  abrasive;  (3)  broadcloth  facing  with 
tripoli;  (4)  broadcloth  facing  with  rouge  for  final  polishing. 

The  guide  not  only  enables  the  polishing  of  a  flat  surface  but  also 
prevents  imdue  spattering  of  powders  and  water. 

Upon  trial  this  machine  has  proven  satisfactory,  and  although  not 
permitting  of  as  good  grade  of  work  as  can  be  done  on  a  stationary 
machine,  it  enables  the  preparation  of  spots  on  large  foldings  and 
castings  from  which  specimens  can  not  be  taken  lor  microscopic 
examination. 
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CHABPT  QITALITIES  OF  COMMON  STEEL  SHELL. 

OBJECT. 

The  object  of  this  investigation  was  to  determine  Charpy  qualities 
of  common  steel  shell. 

MATERIAL. 

Four  common  steel  shells  with  the  carbon  content  shown  were 
treated  as  follows: 

Depth  of  quenching 
(in  oil). 

(1)  0.59  carbon,  cavity  temperature =876®  C 6  inches 

(2)  0.58  carbon,  cavity  temperature =875°  0 6  inches 

(3)  0.74  carbon,  annealed  at  825®  G.  before  machining;  cav- 

ity temperature =825°  0 5  inches 

(4)  0.63  carbon,  annealed  at  825°  C.  before  machining;  cavity- 

temperature  =825°  C 5  inches 

CONCLUSIONS. 

The  outside  specimens  in  shells  1,  2,  and  3  gave  higher  Charpy 
tests  than  the  inside  specimens.  Shell  No.  4  gave  the  reverse  results. 
Shell  No.  3,  0.74  carbon,  gave  a  mean  Charpy  of  28.5,  whereas 
shell  No.  1,  0.59  carbon,  and  shell  No.  2,  0.58  carbon,  gave  mean 
Charpy  figures  of  126  and  93.5,  respectively. 

The  general  conclusion  can  be  drawn  that  a  0.70  carbon  4.7-inch 
common  steel  shell  manufactured  as  indicated  under  ''Material" 
will  have  approximately  one-third  the  Charpy  strength  of  a  0.50 
carbon  common  steel  shell  manufactured  as  indicated  m  this  report. 

The  Brinell  hardness  was  taken  on  these  shells  at  points  2  inches 
apart.  Thescleroscopewas  used  on  the  ogive.  The  results  obtained 
are  recorded  in  the  following  table.  It  is  to  be  noted  that  shell 
No.  4  has  a  very  irregular  hardness. 


^L 


Car- 

\ 

Shell 

bon 

No. 

(per 
cent). 

Brinell. 

Brinell. 

Brinell. 

Brinell. 

Brinell. 

BrineU. 

S.  Scl. 

S.  Scl. 

S.  Scl. 

S.  Scl. 

1 

0.S9 

207 

207 

207 

212 

217 

235 

40 

53 

50 

49 

2 

.58 

202 

202 

202 

202 

212 

229 

40 

45 

45 

45 

3 

.74 

235 

235 

235 

235 

235 

248 

40  . 

60 

58 

56 

4 

.63 

217 

223 

217 

229 

220 

248 

40 

61 

61 

50 
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Twelve  Charpy  specimens  were  then  cut  from  each  shell  as  located 
in  accompanying  sKetch.  The  results  of  these  tests  are  tabulated 
below. 


E 


E 


Shell  No. 

Location  of  specimen. 

AO. 

AI.              BO. 

BI. 

CO. 

CI. 

1.. 

2.. 

3. 

4.. 

153 
170 

170               UO 

76 
103 

02 
114 

64 
64 

Mean 

104 

146 

166 

137 

147.  a 

80.5 

103 

64 

105 
114 

100 
100 

03 
71 

40 
54 

02 
80 

78 
70 

Mean 

154 

100 

82 

52 

86 

78.5 

30 
36 

30 
28 

27 
27 

25 
27 

25 
27 

25 
26 

Mean 

33 

33.5 

27 

26 

26 

25.5 

42 
00 

213 
151 

77 
30 

135 
121 

50 
20 

54 
153 

Mean 

21 

182 

58 

128 

44 

103 

Table  of  mean  values. 


Shell  No. 

Inner 
specimen. 

Outside 
specimen. 

Mean  of  inner 
and  outer. 

1 

06.8 

70.8 

28.3 

137.7 

138.8 

107.0 

28.6 

41.0 

117.8 
03.4 
28.5 
80.3 

2 

3 

4 
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PEIVATE  TESTS. 

Te9t8  made  for  priimte  parties  during  the  fiscal  year  ended  June  SO,  1917. 


Date. 


Material. 


Name. 


City  and  State. 


1916. 
July  21 


Aug. 


31 
2 
10 
18 
22 


Oct. 


22 
29 

Sept.  1 
18 
18 
23 
25 
28 
29 
29 
3 
6 
13 
13 
17 
17 
-     30 

Nov.  9 
13 
16 
20 
21 
25 

Dec.  11 
18 

18 

18 
26 
27 
27 


Steel The  Barney  &  Smith  Car  Go 

Taylor  bar  iron B.  M.  Jones  &  Co.  (Inc.) 

Buov  shackles Chapman  &  Brewster 

Steel. Sauveur  &  Boylston 

do Jones  &  Laugmin  Sted  Co 

Cast-iron  bars Davis  <&  Famum  Manufacturing 

Co. 

Steel Sauveur  <t  Boylston 

Columns United  States  Column  Co 

Taylor  bar  iron B.  M.  Jones  &  Co.  (Inc.) 

do do 

Brackets  on  column United  States  Column  Co 

Concrete  building  block . . .   The  Dry-Wall-Block  Co.  (Inc.) . . 

Steel  bars Hood  Rubber  Co 

Hollow  tiles The  Whiteacre  Fireprooflng  Co. . 

C(Hicrete  cubes Town  of  Westfield 

Ckmcrete  building  block. 

do 

Steel 

Concrete  building  block. 

do 

Hollow  tiles. . .' 

Building  bricks 

Concrete  building  block. , 

Rope 

Taylor  iron 

Concrete  bmlding  block. , 

do 

Steel 

do 

Aluminum  bronze 

Chain  hooks 


Ckmcrete  building  block. . 


Concrete  cubes 

Taylor  iron 

Steel 

Wire  attachment  ends. 


Watertown  Construction  Co 

A.  J.  Switzer 

Oulick-Henderson  Laboratory. . 

Harry  Mahoney 

Watertown  Construction  Co 

The  Whiteacre  Fireprooflng  Co. . 

Gamble  <Sc  Stockton  Co 

The  Dry- Wall-Block  Co.  (Inc.). . 
Harrington-King  &  Co 

B.  M.  Jones  4&  Co.  (Inc.) 

John  Delaney 

John  Quigtey. 

Bethlehem  Steel  Co 

The  Lundin  Steel  Casting  Co. . . . 

Sauveur  &  Boylston 

Bethlehem  Steel  Bridge  Corpo- 

ration. 

New  Bedford  Waterproof  Build- 
ing Block  Co. 

Town  of  Westfield 

B.  M.  Jones  &  Ck>.  (Inc.) 

The  Hydraulic  Pressed  Steel  Co. . 

The  Burgess  Co 


Dayton,  Ohio. 
Boston,  Mass. 
Portland,  Me. 
Cambridge,  Mass. 
Pittsburgh,  Pa. 
Waltham,  Mass. 

Cambridge,  Mass. 

Do. 
Boston,  Mass. 

Do. 
Cambridge,  Mass. 
Buffalo,  N.  Y. 
Watertown,  Mass 
Waynesburg,  Ohio. 
Westfield,  Mass. 
Watertown,  Mass. 
Gardenvllle,  N.  Y. 
Pittsburgh,  Pa. 
Salem,  Mass. 
Watertown,  Mass. 
Wa3aiesburg,  Ohio. 
Jacksonville,  Fla. 
Buffalo,  N.  Y. 
Boston,  Mass. 

Do. 
Somerville,  Mass. 

Do. 
South  Bethlehem,  Pa. 
Neponset,  Mass. 
Cambridge,  Mass. 
Steelton,  Pa. 

New  Bedford,  Mass. 

Westfield,  Mass. 
Boston,  Mass. 
Cleveland,  Ohio. 
Marblebead,  Mass. 
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Tests  made  by  private  parties  during  the  fiscal  year  ended  June  SO,  1917 — Continued. 


1917. 

Jan.  2 

3 

9 

10 

19 

24 

27 

31 

Feb.  6 

7 

9 
15 
21 
28 
28 
Mar.  1 

6 

8 
13 
17 
30 
30 
30 
Apr.  2 

6 
11 

17 
May  10 
15 
15 
15 
16 
16 
18 
24 

29 
June    8 

12 
22 

23 
26 

29 


Material. 


Steel 

do 

Columns 

Bricks 

Building  bricks 

Chain..: 

Concrete  cylinders 

Column 

Plate  steel ; 

Chain 

HoUow  tiles 

Steel.... 

Concrete  cross-arms 

Plate  steel 

Concrete  cylinders 

Blocks 

Steel 

Columns  with  steel  plates. 

Steel 

do 

Steel  bearing  link 

Concrete  cylinders » . 

Steel 

Concrete  building  blocks. . 

Steel 

do 

do 


"Name. 


City  and  State: 


Gulick-Henderson  Co 

The  Lundin  Steel  Casting  Co 

United  States  Column  Co. ... 

Fiske  &  Co.  (Inc.) 

Waldo  Bros.  (Inc.) 

The  Bridgeport  Chain  Co 

Boston  Transit  Commission 

United  States  Column  Co'. 

E.  McCabe  &  Co 

The  Bridgeport  Chain  Co 

The  Malvern  Fire  Clay  Co 

Camden  Forge  Co 

American  Concrete  Products  Co. 

E.  McCabe  &  Co 

Boston  Transit  Commission 

The  Bridgeport  Stone  Go 

Sauveur  &  Boylston 

United  States  Column  Co 

Sauveur  &  Boylston 

do 

E.  &  T.  Fairbanks  &  Co 

Boston  Transit  Commission 


Rope 

Steel 

Concrete  building  blocks. 

do 

do 

Column 

Steel. 

do 

do 


.do. 
.do. 


.»do. 
..do. 


Bronze  fuze  plug.. 
Cast-iron  cube 


Concrete  building  block. 


Poole  Engineering  &  Machine  Co. 

G.  Rappoli 

Sauveur  &  Boylston 

The  Metal  Products  Co 

Washington  Steel  &  Ordnance 
Co. 

Columbian  Rope  Co 

Federal  Steel  Foundry  Co 

Frank  Perrelli 

Andrew  Sordell 

Frank  M.  Krenger 

G.  Bush 

Sauveur  &  Boylston 

National  Forge  &  Tool  Co 

International  Steel  &  Omd£Cnce 
Corporation. 

National  Tube  Co 

International  Engineering  Works 
(Ltd.). 

Boston  Forge  Co 

International  Steel  &  Ordnance 
Corporation. 

Waltham  Watch  Co 

The  Turner  &  Seymour  Manu- 
facturing Co. 

G.  Cannlzaro 


Pittsburgh,  Pa. 
Neponset,  Mass. 
Cambridge,  Mass. 
New  York,  N.  Y. 
Boston,  Mass. 
Bridgeport,  Conn. 
Boston,  Mass. 
Cambridge,  Mass. 
Lawrence.  Mass. 
Bridgeport,  Conn. 
Malvern,  Ohio. 
Camden,  N.  J. 
Boston,  Mass. 
Lawrence,  Mass. 
Boston,  Mass. 
Bridgeport,  Conn. 
Cambridge,  Mass. 

Do. 

Do. 

Do. 
St.  Johnsbury,  Vt. 
Boston,  Mass. 
Baltimore,  Md. 
Medford,  Mass. 
Cambridge,  Mass. 
Beaver,  Pa. 
Washington.  D.  C. 

Boston,  Mass. 

Do. 
Buffalo,  N.  Y. 

Do. 

Do. 
Revere,  Mass. 
Cambridge,  Mass. 
Erie.  Pa. 
New  York,  N.  Y. 

McKeesport,  Pa. 
Framingham,  Mass. 

Boston,  Mass. 
New  York,  N.  Y. 

Waltham,  Mass. 
Torrington,  Conn. 

Somerville,  Mass. 
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One-eighth  inch  pquare  wire 132 
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Calibration  of  dynamometer 38 
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Investigative  tests 43 

Xetter  of  submittal 5 
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